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Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Dear Sir: 

I, J. Christopher Grimaldi, declare and state as follows: 



1. I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

3. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including semi-quantitative Polymerase Chain Reaction 
(PCR) analyses. I am currently involved, among other projects, in the isolation of genes coding 
for membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR gene expression analyses in the assay entitled "Tumor Versus 
Normal Differential Tissue Expression Distribution," which is described in EXAMPLE 18 in, the 
specification. These studies were used to identify differences in gene expression between tumor 
tissue and their normal counterparts. 



4. EXAMPLE 18 reports the results of the PCR analyses conducted as part of the 
investigating of several newly discovered DNA sequences. This process included developing 
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primers and analyzing expression of the DNA sequences of interest in normal and tumor tissues. 
The analyses were designed to determine whether a difference exists between gene expression in 
normal tissues as compared to tumor in the same tissue type. 

5. The DNA libraries used in the gene expression studies were made from pooled 
samples of normal and of tumor tissues. Data from pooled samples is more likely to be accurate 
than data obtained from a sample from a single individual. That is, the detection of variations in 
-gene expression is likely to represent a more generally relevant condition when pooled samples 
from normal tissues are compared with pooled samples from tumors in the same tissue type. 

6. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
Thus, I conducted a semi-quantitative analysis of the expression of the DNA sequences of 
interest in normal versus tumor tissues. Expression levels were graded according to a scale of +, - 
, and +/- to indicate the amount of the specific signal detected. Using the widely accepted 
technique of PCR, it was determined whether the polynucleotides tested were more highly 
expressed, less expressed, or whether expression remained the same in tumor tissue as compared 
to its normal counterpart. Because this technique relies on the visual detection of ethidium 
bromide staining of PCR products on agarose gels, it is reasonable to assume that any detectable 
differences seen between two samples will represent at least a two fold difference in cDNA. 

7. The results of the gene expression studies indicate that the genes of interest can be 
used to differentiate tumor from normal. The precise levels of gene expression are irrelevant; 
what matters is that there is a relative difference in expression between normal tissue and tumor 
tissue. The precise type of tumor is also irrelevant; again, the assay was designed to indicate 
whether a difference exists between normal tissue and tumor tissue of the same type. If a 
difference is detected, this indicates that the gene and its corresponding polypeptide and 
antibodies against the polypeptide are useful for diagnostic purposes, to screen samples to 
differentiate between normal and tumor. Additional studies can then be conducted if further 
information is desired. 

8. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 



By: 




\ // / Date: 



Christopher Grimaldi 
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Commissioner for Patents 
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Dear Sir: 



I, J. Christopher Grimaldi, declare and say as follows: 



1. I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. I joined Genentech in January of 1999. From 1 999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department, During this time I directed or performed 
numerous molecular biology techniques including qualitative Polymerase Chain Reaction (PCR) 
analyses. I am currently involved in, among other projects, the isolation of genes coding for 
membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR analyses in the assay entitled "Tumor Versus Normal 
Differential Tissue Expression Distribution" which is described in EXAMPLE 18 in the 
specification that were used to identify differences in gene expression between tumor tissue and 
their normal counterparts. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

4. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
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Chromosomal aberrations, such as gene amplification, and chromosomal translocations are 
important markers of specific types of cancer and lead to the aberrant expression of specific 
genes and their encoded polypeptides, including over-expression and under-expression. For 
example, gene amplification is a process in which specific regions of a chromosome are 
duplicated, thus creating multiple copies of certain genes that normally exist as a single copy. 
Gene under-expression can Occur when a gene is not transcribed into mRNA. In addition, 
chromosomal translocations occur when two different chromosomes break and are rejoined to ' 
each other chromosome resulting in a chimeric chromosome which displays a different expression 
pattern relative to the parent chromosomes. Amplification of certain genes such as Her2/Neu 
[Singleton et al, Pathol. Annu.. 27T>t1 :1 on] or chromosomal translocations such as t(5;14), 
[Grimaldi etal, Blood, 73(8):208 1-2085(1989); Meeker et al, Blood , 76(2) :285-2 89(1 990)] give 
cancer cells a growth or survival advantage relative to normal cells, and might also provide a 
mechanism of tumor cell resistance to chemotherapy or radiotherapy. When the chromosomal 
aberration results in the aberrant expression of a mRNA and the corresponding gene product (the 
polypeptide), as it does in the aforementioned cases, the gene product is a promising target for 
cancer therapy, for example, by the therapeutic antibody approach. 

5. Comparison of gene expression levels in normal versus diseased tissue has 
important implications both diagnostically and therapeutically. For example, those who work in 
this field are well aware that in the vast majority of cases, when a gene is over-expressed, as 
evidenced by an increased production of mRNA, the gene product or polypeptide will also be 
over-expressed. It is unlikely that one identifies increased mRNA expression without associated 
increased protein expression. This same principle applies to gene under-expression. When a 
gene is under-expressed, the gene product is also likely to be under-expressed. Stated in another 
way, two cell samples which have differing mRNA concentrations for a specific gene are 
expected to have correspondingly different concentration of protein for that gene. Techniques 
used to detect mRNA, such as Northern Blotting, Differential Display, in situ hybridization, 
quantitative PCR, Taqman, and more recently Microarray technology all rely on the dogma that a 
change in mRNA will represent a similar change in protein. If this dogma did not hold true then 
these techniques would have little value and not be so widely used. The use of mRNA 
quantitation techniques have identified a seemingly endless number of genes which are 
differentially expressed in various tissues and these genes have subsequently been shown to have 
correspondingly similar changes in their protein levels. Thus, the detection of increased mRNA 
expression is expected to result in increased polypeptide expression, and the detection of 
decreased mRNA expression is expected to result in decreased polypeptide expression. The 
detection of increased or decreased polypeptide expression can be used for cancer diagnosis and 
treatment. 

6. However, even in the rare case where the protein expression does not correlate 
with the mRNA expression, this still provides significant information useful for cancer diagnosis 
and treatment. For example, if over- or under-expression of a gene product does not correlate 
with over- or under-expression of mRNA in certain tumor types but does so in others, then 
identification of both gene expression and protein expression enables more accurate tumor 
classification and hence better determination of suitable therapy. In addition, absence of over- or 
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under-expression of the gene product in the presence of a particular over- or under-expression of 
mRNA is crucial information for the practicing clinician, for example, if a gene is over-expressed 
but the corresponding gene product is not significantly over-expressed, the clinician accordingly 
will decide_not to treat a patient with agents that target that gene product. 

7. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 



By: | ' \ Z2_ II Date: ^\ \<?}\*? c \ 

. Chnstopher Grimaldi 
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The t(5;14) Chromosomal translocation in a Case of Acute Lymphocytic 
leukemia Joins the Interleukin-3 Gene to the Immunoglobulin Heavy Chain i Gene 

By J. Christopher Grimaldi and Timothy C. Meeker 



Chromosomal translocations have proven to be Important 
markers of the genetic abnormalities central to the patho- 
genesis of cancer. By cloning chromosomal breakpoints 
one can identify activated proto-oncogenes. Wo have stud- 
led a case of B-flneage acute lymphocytic leukemia (ALL) 
that was associated with peripheral blood eosinophil. The 
chromosomal translocation t(5^4) (q31;q32) from this 
— sample-was cloned and studied-atthe molecular level; This 

KARYOTYPIC STUDIES of leukemia and lymphoma 
have identified frequent nonrandom chromosomal 
translocations. Some of these translocations juxtapose the 
immunoglobulin heavy chain (IgH) gene with important 
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Fig 1. DNA blots of the leukemia sample. The restriction 
fragment pattern of normal human DMA (N) and the leukemia 
sample (L) were compared using a human Jh probe. Rearranged 
bands are Indicated by arrows. Sample L exhibits a single rear* 
ranged band with both Hind lll/£coRI and Sau3A restriction 
digests. The rearranged bands are less intense than the other 
bands because the majority of celts m the sample represent normal 
bone marrow elements. 



translocation Joined the immunoglobulin heavy chain Join- 
ing (Jh) region to the promotor region of the interleukin-3 
(IL-3) gene in opposite transcriptional orientations. The 
data suggest that activation of the nl-3 gene by the 
enhancer of the Immunoglobulin heavy chain gene may play 
a central role in the pathogenesis of this leukemia and the 
associated eosinophil^. 

-e t989bfrGruno^r$tratton^lnc. - 

r^tooncogenes, such as c~myc and 6c/-2. u In tlus way, the 
IgH gene can activate protc-oncogenc^ resulting in disor- 
dered gene expression and a step in the development of 
cancer. The investigation of additional nonrandom transloca- 
tions into the IgH locus allows us to identify new genes 
promoting the generation of leukemia and lymphoma. 

A distinct Subtype of acute lymphocytic leukemia (ALL) 
has been characterized by R-lineage phenotype, associated 
eosinophil in the peripheral blood, and a t(5;14)(q3I;q32) 
chromosomal translocation^ This syndrome probably 
occurs in <\% of all patients with ALL. We hypothesized 
that the cloning of the translocation characteristic of this 
leukemia might allow the identification of an important gene 
On chromosome 5 that plays a role in the evolution of this 
disease. In this report we demonstrate that the interleukin-3 
gene (IL-3) and the IgH gene are joined by this transloca- 
tion- 

MATERIALS AND METHODS 
Sample and DNA blots. A bone marrow aspirate from a repre- 
sentative patient with ALL (LI morphology by French-American- 
British [FAB] criteria), peripheral eosinophil^ (up to 20,000 per 
microliter with a normal value of <350 per microliter) and a 
t(5;14)(q31;q32) translocation was studied. Using published meth- 
ods, genomic DNA was isolated and DNA blots were made. 5 Briefly, 
10 jig of high molecular weight (mol wt) DNA were digested using 
j^applropriate restriction enzyme and electrophoresed on a 0.8% 
~^SFRxc*frL The gel was stained with ethidhim bromide, pTioto- 
graphed, denatured, neutralized, ^transferred to Hybond (Amer- 
sham, Arlington Heights, IL). After treatment of the filter with 
ultraviolet light, hybridization was performed. The filter was washed 
to a 6nal stringency of 0.2% saturated sodium citrate (SSC) and 
0.1% sodium lauryly sulfate (SDS) and exposed to 61m. The human 
Jh probe has been previously reported.' 

Genomic library. The genomic library was made using pub- 
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Med methods. 5 Approximately 100 Mg of high mol wt genomic 

Fragments from 9 to 23 kDobases (kb) In size were isobtodoTt 
nw*f P *?. Mi Ugated mto EMBL3A (Strategy San 
P^^? tPha8eW ^ Cfa ^^^^as 

J>"A**™«*»g- Fragments for sequencing were Cloned into 

sIl;J^.^ ?^ CnCe l by the chain termination method using 
Seqiienase (Umted State. Biochemical. Cleveland)/ All sequence 
date were derived from both strands- ""sequence 

RESULTS 

We studied a bone marrow sample from a patient with 
ALL and associated peripheral eoanophiba. Karyotypic 
analysis showed the characteristic t(S;14)(q31;q32) translo- 
catron. These features define a distinctive subtype of ALL *• 
The leukemic cells were analyzed for cell surface phenotype 
by immunofluorecence. They were positive for Bl (CD20) 
B4 (CD19). cALLA (CD10), HLA-DR, and terminal 
deoxynucleotidyi transferase (Tdt), but negative for surface 
umnunoglobulin. This phenotypic profile describes an imma- 
ture cell from the B-lymphocytic lineage.* 

The leukemia DN A was analyzed by Southern blotting for 
rearrangements of the IgH gene. Using a human immuno- 
globulin Jh probe, a single rearranged band was detected by 
EcoM, HimtOU SstU S«,3A, and EcoRI phis Hindlll 
rwtnetton digests, suggesting rearrangement of one allele 
(Rg I). The immunoglobulin Jh region from the other allele 
was presumably either deleted or in the germline configure- 

We hypothesized that the t(5;14)(q31;q32) juxtaposed a 
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growth-promoting gene on chromosome 5 with the immune 
globulin Jb region on chromosome 14. Therefore, a genomic 
library was made from the leukemic sample and screenS 
with a Jh probe. Fifteen distinct positive clones were isolated 
and screened for the presence of the rearranged Sau3A 
fragment that was detected by DNA blotting. By th£ 

SS^ J , u n ^ Ppeared to Tepnscat tbe reaninSd 
allele identified by DNA Wots. One of these clones (clone no. 

4) was chosen for further study and a detailed restriction 
map-war generated. TheiTcoRI, THOT/I&IUt andSjfi 
fragments from clone no. 4 that hybridized to the human Jh 
probe were also identical in size to the rearranged fragments 
from the leukemia sample, confirming that clone no. 4 
represented the rearranged leukemic allele. 

Phage done no. 4 contained 3.7 kb of unknown origin 
joined to the IgH gene in the region of Jh4 (Fig 2). The I*H 

SSiZi £2f C ™ U rCgi0n appcared to ^ * 8~ml£c 
configuration, previously, the gene encoding hematonoietfe 1 ** 

g^factor^hadbeenmappedlto^ 

rt jas^suspected^that clone no. 4 might contain partof this 

gene. When the restriction map of human IL-3 and clone 

(Fig aT* C ° mPared ' Wer * Wcntical for more 3 kb 
We confirmed the juxtaposition of the IL-3 gene and the 
»»/ nucleic acid sequencing of the subctoned 
BsmUHpal fragment (Fig 2). The sequence of this fraa- 
ment showed no disruption of the protein coding region or the 
=6 «RNAoftl 1 eII.3g^^ 
occurred m the promoter region, 452 base pairs (bo) 
upstream of the transcripUonal start site (position 64, Fig 



Eco RI 

Clone#4 : Deb— 1 

0\i a Sfi 



IL-3: 



Eco RI 

IgH : peb- 



C]i 



Hpal 



Hind IU 

L_ 



Sau3A 
Sau 3A BstHl 



6 s 



Sstl Eco RI 

Bam HI Bam HI j Xhol 



• Hpal 

Sau 3 A Sstl Eco Ri 

Psflij J^ BamHX Ba ^ ^^ o! 



Hind III 
I 



Sau 3A BstEil 

o— >• 



,.6 5 



f-4fHH 
5 4| 3 



Sau 3A 



2 1 



flam HI 
I 



O.Skb 



O Q 



T<6; U) CHROMOSOMAL TRANSLOCATION . 2083 

3 A). The break in the IgH gene occurred 2 bp upstream of GM-CSF maps within 9 kb of IL-3 in the same transcrip- 
the JM region. Between the two breaks, 23 bp of uncertain tional orientation." Using this information and assuming a 
origin (putative N sequence) were inserted* 1 ^ 4 No sequences simple translocation event in our sample, we can conclude 
homologous to the immunoglobulin heptamer and nonamer that the IL-3 gene is normally more centromeric, and the 
could be identified in the IL-3 sequence (Fig 3B). Therefore, GM-CSF gene, more telomeric on chromosome 5q (Fig 4). 
nucleic add sequencing confirmed the juxtaposition of the Furthermore, both are transcribed with their 5' ends toward 
IL-3 gene and the IgH gene. The sequence data clearly the centromere, 
showed that the genes were positioned in opposite transcrip- 
tional orientations (head-to-head). DISCUSSION 

Availahlt data allowed us to determine the normal _In this report we have cloned a unique chromosomal 

positions of the IL-3 gene and the GM-CSF gene in relation . translocation tBat appearstb ^be a w^lstenf l^tuwrof afii^ 

to the centromere of chromosome 5 (Fig 4). The IgH gene Is yet distinct, clinical form of acute leukoma. This transloca- 

known to be positioned with the variable regions toward the tion joined the promoter of the IL-3 gene to the IgH geno. 

telomere on chromosome \4q. w It has also been shown that Except for the altered promoter, the IL-3 gene appeared 



A 



5 1 GOTC&CCAGGGTOCC^^ 



80 



5 9 TACCAGACAAACTCTCATCTCTTCCAGTGGCCTCCTGGC - - fl 

3 ' ATGGTCTGTTTGAGAGTAGACAAGGTCACCGG&GGACCGGTGGGT^ xow 



m ********* # # 

5 1 GTAGTCCAGGTGATGGCAGATGAGATCCCACTGGGCAGGAGGCCTCAGT^^ 0 . a 
3 • CATCAGGTCCACTACCXHKTACTCT 

5»GGGGTCCTCTCACCTCKrrGCCATGCTTCCCATC - 0fl 

3'CCCCAGGAGAGTGGACGACGGTACGAAGGGTAGAGACT^ JZU 

. ... . ********* ^ 

5 ' TTTCTTGTTTCACTGATCMGAGTACTAGAAAGTCATGGATGAAT . a 

3 1 AAAGAACAAAGTGACTAGAACTCATGATCTriTCAGT ACCTACTTATTAATGC AGACACC AAAAGATACCTCCAAGGTACA 

5 1 CAGATAAAGATCCTTCCQACGCCTGCCCCACACCACC^CCTCCCCCC AQn 
3 1 GTCTATTTCTAGGAAGGCTGCGGACGGGGTGTGGTGGTGGAGGGGGGCGGAACGGGCCGCAACACCCGTGGAACGACGAC 480 

5 'CACAJ^T^GGCGGGAGGTTCTTGCCAACTCTTC&GA - r t 

3 f GTGTATATTCCGCCCTCCAACAACGGTTGAGAAGTCTCGGGGTGCTTCGTGGTC DUU 

5 • CCAAACJfc£gAGCCGCCTGCCCGTCCTGCTCCT^ rAC 
3 1 GGTTTGTACTCGGCGGACGGGCAGGACGAGGACGAGGTTGAGGACCAGGCGGGGCCTGAGGTTCGAGGGTAC 

S'AACGTCCTTGAAGACAAGCTGGGTTAAC 3« 
3 1 TTGCAGGAACTTCTGTTCGACCCAATTG 5 1 

D TnihA 5 1 TGGCCCCAGTAGTCAAAGTAGTCACATTGTGGGAGGCCCCATTAAGGGGTGCACAAAAACCTGACTCTC 
D 19 ° n * 3 ' ACCGGGGTCATCAGTTTCATCAGTGTAACA CCCTCCGGGGTAATTCCCCAC GTGTTTTTGGA CTGAGAG 

n * A 5 9 TGGCCCCAGTAGTCAAAGTAGTAGAGGTAATTCATCATAGCTGCGGATTAGCAGCGTGACCGGCTACCA 
* 3 , ACCGGGGTCATCAGTTTCATC ATCTCCATTAAGTAGTATCGACGCCTA ATCGTCGCACTGGCCGATGGT 

++++++++++++++++++++++ 

T1 - 5 » GGCACCAAGAGATGTGCTTCTCAGAGCCTGAGGCTGAACGTGGATGTTTAGCAGCGTGACCGGCTACCA 

3 1 CCGTGGTTCTCTACACGAAGAGTCTCGGACTCCGACTTGCACCTA^ 

Fig 3. Sequence of t(8;14)(q31 ;q32) breakpoint region. (A) Nucleotide sequence of the Bs&n/HpA fragment Indicated on Fig 2. 
Nucleotides 1 to 30 represent the Jh4 coding region underlined on the coding strand.* Nucleotides 39 to 63 are a putative N region. The 
sequence from position 64 to 668 is that of the germane 0.-3 gene. 1 * The flL-3 TATA box (486). transcription start (616), and tarnation 
methionine (667) are underlined. Two proposed regulatory sequences In the promoter are marked by asterisks (positions 1 62 and 389). (B) 
Comparative sequence of the t(6:14)(q31 ;q32) breakpoint region. The lgJh4 region Is shown with Its coding region, heptamer, and 
nonamer underlined. Clone no, 4 is shown with putative N region sequences underlined. The 0.-3 sequence is also shown. A phis sign (+) 
denotes the identical nucleotide between sequences. No heptamer or nonamer U identified intheC-3 sequence. 
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C _"P, 4 - . D l»9n»m of the translocation. The noonj'chromo.om. 

Jj^^njJ oriem^on shown. On no™i chronZ™ 
M*e the Vh region, are tetomeric The t(B;14)(q31 ;q32) translo- 
cation resort, in the head-to4,ead orientation tiVse^Tet 
Symbols are denned in Fig 2. BP, breakpoint position. 

intact as no deletions, insertions, or point mutations were 
detected by restriction mapping of the entire gene and 
sequencing of part of the gene. The IgH gene has been 
fruncated at the Jh4 region, which places the immunoglobu- 
lin enhancer within 2.5 kb of the IL-3 gene." " This leads to 
the hypothesis that the enhancer is increasing transcription 
of a structurally normal IL-3 gene. The same mechanism is 
mportant for activation of the omyc gene in some cases of 
eSnSl- lyn l ph<M,MU ^ternate hypothesis is that the 

au^crinl 0 ^ « a ^ Vati ° n ° f thc IL - 3 *"* s ^t« that an 
•euicemia. Over-expression of the IL-3 gene coupled with 
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the presence of the IL-3 receptor in these cells could account 
for a strong stimulus for proliferation. In this regaidTflift™, 
are data indicating that immature B-lineage lymphocyte 
and B-hneage fcukemias may express the IL-3 receptor 

An additional feature of this type of leukemia is the 
dramatic eosinophilia, consisting of mature forms. It ha* 
been hypothesized that the eosinophils do not arise from the 
malignant done, but are stimulated by the tumor 3 *** 
Because of the known effect of IL-3 on eosii»phadifireren*ti»- 
^onrsecret^^igh^ leutenlc cmmteft 

have a role in the eosinophilia in this type of leukemia."^ 

Tl» date suggm that tlierecombiia^ 
is active :m the IgH gene during normal differentiation hasa 
ro emtW.Jransk)cation.^Th^ 

pomt location at the y end of Jh4 and the presence^ 
putobveN-region sequences. On the other ban* ne reecml* 

£5? ^* C,U ? C * (hcptamc ' Md was found 

m this region on chromosome S/suggestiiig that additional 
fecton also played a role. Further studies wfll elucidate the 
mechanism of this and other translocations. 

In theleukmia we studied. it is possible that the immuno- 
globulin enhancer also activates the GM-CSF gene, since 
this gene is probably positioned only 1 4 kb away (Fig 4) This 
is known to be within the range of enhancer actwation.*T1io 
mterleukin-5 (IL-5) gene maps to chromosome 5631 M 
Deregulation of the IL-5 gene by this translocation would act 
synergBucaUy with IL-3 in the stimulation of eosinophil 
prohferation and differentiation." These and other questions 
will be answered by the study of more patient samples; We 
plan to determine whether the t(5;14)(q31;q32) transloca- 
tion is capable of activating multiple lymphokines simulta- 
"eX^r Whethef ° 00peratC m At 8«»™tion of this 
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RAPID COMMUNICATION 

Activation of the Interleukin ; 3 Gene by Chromosome Translocation in Acute 
Lymphocytic Leukemia With Eosinophil 

By Timothy C. Meeker, Dan Hardy, Cheryl Wiilman, Thomas Hogan, and John Abrams 



The t(e;14)(q31^32) translocation from B-lineage acute 
lymphocytic ^kemla with eosfnophilia has been cloned 
from two leukemia samples. In both cases, this transloca- 
tion Joined the IgH gene and the lnteHeukin-3 VL*) gene. In 
,_ one patient, oxcess H.-3 mftNA wm produced by the 
leukemic cells, tn the second patient, serum IL-3 levels 
were measured and shown to correlate with disease 

A NUMBER OF chromosome translocations have been 
associated with human leukemia and lymphoma. In 
many cases the study of these translocations has led to the 
discovery or characterization of proto-oncogencs, such as 
; % bct2.+d*\ and omyc. that are-located adjacent to the 
translocation. 1 * 2 It is now wider/ understood that cancer- 



A distinct subtype of acute leukemia is characterized by 
the triad of B-lineagc immunophenotype, eosinophilic and 
the t(5;14)(q3l;q32> translocation* Leukemic cells from 
such patients have been positive fox terminal dcoxynucleotidyi 
transferase (Tdt), common acute lymphoblastic leukemia 
antigen (CALLA), and CD19, but negative for surface or 
cytoplasmic immunoglobulin. In previous work, we cloned 
the t(5;14) breakpoint from one leukemic sample (Case 1) 
and determined that the IgH and interleuldn-3 (IL-3) genes 
were joined by this abnormality. 5 In this report, we extend 
those findings by showing that the t(5;14)(q31;q32) translo- 
cation from a second leukemia sample (Case 2) has a similar 
structure, and we report our study of growth factor expres- 
sion in these patients. 

MATERIALS AND METHODS 
Samples and Southern Mots. Case 1 has been described. 5 - 4 
Clinical features of Case *have been described in detaiL* DNA 
isolation and Southern blotting was done using previously described 
methods. 5 Fdters were hybridized with an immunoglobulin Jh probe, 
a 280 bp BamHl/EcoRI genomic IL-3 fragment, and an IL-3 
cDNA probe™ 

Northern blots. RNA isolation and Northern blotting have been 
described: Briefly, Northern blots were done by separating 9ng 
total RNA on 1 % agarose-formaldehyde gels. Equal RNA loading in 
each lane was confirmed by ethidium bromide staining. Blots were 
hybridized with an IL-3 cDNA probe extending to the Xho I site in 
exon 5, a 720 bp Sst l/Kpn I probe derived from intron 2 of the IL-3 
gene, a 600 bp Nhe l/Hpa I IL-5 cDNA probe, and a 500 bp Pst 
l/Nco I granulocyte-macrophage colony stimulating factor (GM- 
CSF) cDNA probe, 1 * 12 

Polymerase chain reaction. Primers were designed with BomUl 
sites for cloning. One primer hybridized to the Jh sequences from the 
IgH gene (Primer 144:5 # -TAGOATCCGACOOTOACCAGGGT), 
and the other hybridized to the region of the TATA box in the IL-3 
8«e(Primer 1 61 : y-AACAGOATCCCGCCITATATOTOCAG). 
Polymerase chain reaction (PCR) (95°C for 1 minute, 61°C for 30 
seconds, and 72°C for 3 minutes) was done using 500 ng genomic 
DNA and 50 pmol of each primer in 100 uL containing 67 mmol/L 
Tris-HCl pH 8.8, 6.7 mmol/L MgCI* 10% dimethyl sulfoxide 
(DMSO), 170 Mg/mL bovine serum albumin (BSA) (fraction V), 

Blood, Vet 76, No 2 (Julv 1 6) iflftiv r*« obk_o ao 



activity. There was no evidence of excess granulocyte/ 
macrophage colony stimulating factor (GM-CSF) or 
expression. Our data support the formulation that this 
subtype of leukemia may arise In part because of a 
- chromosome translocation *hat-4retivatos- the-IL-g gone* 
resulting in autocrine and paracrine growth effects. 
© 1990 by The American Society of Hematology. 

16.6 mmoi/L ammonium sulfate^ 13 irjmol/L each d 
polymerase (Perkin-Emier, Norwalk, CT>. U 

Sequencing. SequerKdng was done by chain t^^ 
^"A^cftfusstiufc^ 

r iX?2? tt ****** 5 *« **** pairs from a Sto I site at position 
-1240 (with respect td the proposed sit»-of transcrhrtioirmitktfon) 
toanMMrldteat position -642. TheplasinMeontaiiu^thfareriM 
wasagiftircmNaolooAr^ 

Expression in Cos? cells. A genomic IL-3 fragment from Case 1 
was cloned into the pXM expression vector" Briefly, the Blndm/ 
Soi l fragment containing the IL-3 gene was subclone* from the 
previoiisry .described phage clone 4 into pUC18. $ The US kb 
fragment extending from the Sma I site 61 bp upstream of the H>3 
transcrir^start to the5>^ 

the blunted Xho V site of pXM. The negative control construct was 
the pXM vector without insert Piasmids were introduced Into Cos7 
cells by electroporation, and supernatant was collected alter 43 
hours in culture. 

TF1 bioassay. TF-1 cells were passaged in RPMI 1640 supple- 
mented with 10% heat-inactivated fetal bovine serum, 2 mmol 
I-glutamincand 1 ng/ mL human GM-CSF. 15 Samples and antibod- 
ies were diluted m this same medium lacking GM-CSF but contain- 
ing penicillin and streptomycin. A 25 /*L volume of serial dilutions of 
patient serum was added to wells in a flat bottom 96-wcll microliter 
plate, Rat anti-cytoldne monoclonal antibody in a volume of 25 pL 
was added to appropriate wefls and preincubated for 1 hour at 37*C 
Fifty microliters of twice washed TF-1 cells were added to each welL 
giving a final cell c^mceiihwtion^f 1 K 10* cells per well (final 
vohune, 100 uL). The plate was incubated for 48 hours: The 
remaining ceil viability was determined metaboUcally by the colori- 
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metric method of Moemaan using a VMax microliter plate reader 
(Molecular Devices, Menlo Park, CA) set at 570 and 650 nm." 

GytoUne tmmwtoauays. These assays used rat monoclonal 
anttcytoHno antibodies (10 jig/mL) to coat the w«0s of a FVC 
mjaotter riate, Tho captor^ anjt2»dlea used woo BVD3-6G8, 
JBS1-39DIO, and BVDM3B0, tor the IL-3, IL-S, and GM-CSF 
sssays, Wstiyeftr. Patient ana were then added (undiluted and 
diluted l«z lot IL-3, nndHttted for JL-5, and undented and diluted 
W for GM-CSF). The detecting immunoreagents used were either 
mouso^antisernm to IL-3 or nhroiodophenyl (NlPHerivatized rat 
??T C ^! l f^! Sle * ^'-SAS and BVD2-21C11, specific for 
I^5and OM-CSF ( respectively. Bound antibody was subsequently 

with ^wwperox^ 
OWHabeled goat anti-mouse Ig for IL-3, or HRP-labeled rat (J4 
MoAb) anti-NIP for IL-5 and GM-CSF. The chromogenlc sub- 
strate was 3-3'aano-bis-benzthiazoline sulfonate (ABTS; Sigma, St 
Louis. MO). Unknown values were interpolated from standard 
curves prepared from dilutions of the recombinant factors using 
Softmax software available with the VMAX microplate reader 
(Molecular Devices). 



RESULTS 

Leukemic DNA from Case 2 was studied by Southern 
Wotting. When digested with the HtnttEL restriction enzyme 
and hybridized with a human immunoglobulin heavy chain 
joining region (Jh) probe, a rearranged fragment at approxi- 
, mutely 14 kb was delected (dat^not shown). When rdprobed 
with either of two different IL-3 probes, a rearranged 14 kb 



SSS" ^T 81 ^ 8 * 6 rcar *">8«l A fragment, was 
identaled. Whealeokemic DNA was digested wXj5£ES 
!^^V«^<Jhfragn** 
The IL-3 probes also identified a corm^^&S^^ 

To characterize better the joining of the IL-3 wam an * a. 
unmnnogfobuhn heavy chain fc£) ^t^^l 

A Jh primer and an IL-3 primer were dedgnedtop^^t, 
amrm&d product in the event of a heaXhea*£*^ 

yielded a PCR-denved fragment of anproxfanately 980 fc» 
which was cloned and sequenced. y *° 

cJE^St S °/ ^ ^ne from Case 2 

confirmed the joining of the Jh region with the promoCof 
*e IL-3 gene in a head-to-head connguratioTcFfen 
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the locations of the two cloned breakpoints in relation to the 
IL*3 gene. The two chromosome 5 breakpoints were sepa- 
rated by less than 500 bp. 

The genomic structure in Cases 1 and 2 suggested that a 
normal IL-3 gene product was over-expressed as a result of 
the altered promoter structure. This would predict that the 
IL ~ 3 & nt on the translocated chromosome was capable of 
making IL-3 protein. This prediction was tested by express- 
ing a genomic fragment from the translocated allele of Case 
1 containing ail five IL-3 exons under the control of the SV40 
promotor/enhancer in the Cos7 cell line. Cell supernatants 
were studied in a proliferation assay using the factor depen- 
dent erythroleukemic ceil line, TF-1. The supernatant*' 
derived from transf ections using the vector phis insert 
supported TF-1 proliferation, while supernatants from trans- 
fections using the vector alone were negative in this assay 
(data not shovgi). Furthermore, the biologic activity could be 
blocked by an antibody to human IL-3 (BVD3-6G8). This 
result showed that the translocated allele retained the ability 
to make IL-3 mRNA and protein. 

The level of expression of IL-3 mRNA in leukemic cells 
from Case 1 was assessed. Northern blotting showed that the 
mature IL-3 mRNA (approximately 1 kb) and a 2.9 kb 
unspliced IL-3 mRNA were excessively produced by the 
leukemia (Fig 3). The 2.9 kb form of the mRNA is also 
present at low levels in normal peripheral blood T lympho- 
cytes after mitogen activation (Fig 3). Several B-lineage 
acute leukemia samples without the t(5;14) translocation 
had undetectable levels of IL-3 mRNA in these experiments. 
In addition, although genes for GM-CSF and IL-5 map close 
to the IL-3 gene and might have been deregulated by the 
translocation, no IL-5 or GM-CSF mRNA could be detected 
in the leukemic sample (data not shown). 1 * 20 

Three serum samples from Case 2 were assayed by 
immunoassay for levels of IL-3, GM-CSF, and IL-5 (Table 
1). Serum IL-3 could be detected and correlated with the 
clinical course. When the patient's leukemic cell burden was 



highest, the IL-3 level was highest No swum GM-CSF or 
IL-5 could be detected. 

Since the H^3 immunoassay measured only immunoreac- 
trve factor, we confimed that biologically active IL-3 was 
present by using the TF-1 bioassay. This bioassay can be 
rendered monospecific using appropriate neutralizing mono- 
clonal antibodies specific for IL-3, EL-5, or GM-CSF. We 
observed that sera from 1-16-84 and 3-14-84 contained TF-1 
stimulating activity that could be blocked with anti-IL-3 
MoAb (BVD3-6G8), but not with MoAbs to IL-5 (JESl- 
39D10) or GM-CSF (BVD2-23B6) (Fig 4; GM-CSF data 
not shown). The amount of neutralizable bioactivity in these 
two samples correlated vary well with the difference in IL-3 
levels obtained by immunoassay for these samples. Further- 
more, the failure to block TF-1 proliferating activity with 
f i ^^ rL -l 0f ^M-CSF^as insistent with the 
inability to measure these factors by immunoassay and 



Table 1. Peripheral Blood Counts and Growth Factor Levels 
_ at Different Times In Case 2 



Sample Data 



Peripheral blood counts (ceUs/jxU 
WBC 

Lymphoblasts 
Eosinophils 
Serum growth factor levels (pg/mL) 
1-3 

GM-CSF 
IL-5 



11/1B/83 1/16/84 3/14/84 



81,800 
0 

46,626 

<444 
<15 
<60 



116,600 
33,786 
73,080 

7,995 
<15 
<50 



12,300 
0 
615 

1,061 
<15 
<50 



Peripheral blood counts from 2 at three dWerem time polrrts with 
the conesponolng growth factor levels quamh^ by Imynur^assay. The 
patient received chemotherapy between 1/18/84 and 3/14/84 to lower 
his leukemic burden. 3 No serum samples were available for a similar 
analyst of Case 1. 

Abbreviation: WBC, white blood cells. 
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mdlwted that these other myeloid growth factors were not 
detectaMy circulating in the serum of this patient 

DISCUSSION 

In this report, we have extended our analysis of acute 
lymphocytic leukemia and eosfaophilia associated with the 
t(5;14) translocation: In both cases we hare studied, we have 
documented the joining of the IL-3 gene from chromosome 5 
to the IgH gene from chromosome 14. The breakpoints on 
iS 116 * K are ^ 500 bp of each other, suggesting 
that additional breakpoints will be clustered in a small region 
of the IL-3 promoter. The PCR assay we have developed will 
be useful in the screening of additional clinical samples for 
this abnormality. . 

The finding of a disrupted IL-3 promoter associated with 
an otherwise normal IL-3 gene implied that this transloca- 
tion might lead to the over-expression of a normal IL-3 gene 
product In this work, we have documented that this is true. 
faadditib^ndthwGM-^ 

the leukemic cells. Furthermore, in one patient serum IL-3 
could be measured and correlated with disease activity To 
our knowledge, this fa the first measurement of human IL-3 
«n serum and its association with a disease process. The 
measurement of serum IL-3 in this and other clinical settinits 
may now be indicated. 



The finding of the IL-3 gene adjacent to a canc*w 
associated translocation breakpoint suggests that 
toon is important for oncogenesis. ItK tlJ^tSnS 

S^TS^ IL ' 3 '» important fOT *» <^S»nc?tMs 
teatomia." The excessive IL-3 production ti^ e ha™ 
doctanented would be one feature of such an autocrj* looT 
The final proof of our thesis must await additional dataTE 
particular, from the study of additional clmfcal^mX ? 
wdl be necessary to document that thcBW £££££ 
present on the leukemic cells and that anti-IL-HmSv 
decreases proliferation of the leukemia in vitro 

An important aspect of this work is the suggestion of a 
tijerapeuttc approach for this disease. If an autSfae^loI 
IL-3 can be documented in this disease, attempts toC 
emulating IL-3 levels or block th^S^S^j^S 
rts receptor may prove usefuL Because it is also possibteS 
^ costaophdia in these patients is mediated bTtiae r^rf 

thj, aspect of the disease. MtibodteoJ'* 
en^eered hgands to accomplish these goals may soon be 
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Clinical and Pathologic Significance oflfie 
c-erbB-2 (HER-2/neu) Oncogene 



Timothy P. Singleton and John G. Strlckler 



Tbe c-erfcB-2 oncogene was first shown to have clinical significance in 1987 by 
Slamon et al,™ who reported that oeriB-2 DNA amplification in breast carcino- 
mas correlated with decreased survival in patients with metastasis to axillary 
lymph nodes. Subsequent studies, however, of c-erfeB-2 activation in breast 
carcinoma reached conflicting conclusions about its clinical significance. This 
oncogene also has been reported to have clinical and pathologic implications in 
other neoplasms. Our review summarizes these various studies and examines 
the clinical relevance of c-erfeB-2 activation, which has not been emphasized in 
recent reviews,*** The molecular biology of the c-er&B-2 oncogene has been 
extensively reviewed 3 * 5 *" and will be discussed only briefly here. 



BACKGROUND 



The o-erfeB-2 oncogene was discovered in the 1980s by three lines of investiga- 
tion. The net* oncogene was detected as a mutated transforming gene in 
neuroblastomas induced by ethylnitrosurea treatment of fetal ratsA^HTs The c- 
erb&-2 was a human gene discovered by its homology to the retroviral gene v- 
erbB,*w>™ HER-2 was isolated by screening a human genomic DNA library for 
homology with v-erbB* When the DNA sequences were determined subse- 
quently, c^riB-2, iJEfl-2, and neu were found to represent the same gene. 
Recently, the c-eri>B-2 oncogene also has been referred to as NQL. 

The c-erfcB-2 DNA is located on human chromosome 17q21 M * 3 * a and codes 
for oeri>B-2 mBNA (4.6 kb), which translates <H?rfeB-2 protein (pl85). This 
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protein Is a normal component of cytoplasmic membranes. The c-erfcB-2 
oncogene is homologous with, but not identical to, c-erbB-1, which is located 
on chromosome 7 and codes for the epidermal growth factor receptorA lt0 Thc c- 
erfcB-2 protein is a receptor on cell membranes and has intracellular tyrosine 
kinase activity and an extracellular binding domain.* 10 * Electron microscopy 
Wit h a polyclonal antibody detects oerbB-2 immunoreactivitY on cytoplasmic 
membranes of neoplasms, especially on microvilli and the non-villous outer cell 
membrane. 81 In normal cells, immunohistochemical reactivity for o-*riB-2 is 
frequently present at the basolateral membrane or the cytoplasmic membrane's 
brush border. 8 * 61 

There is experimental evidence that <yerbB-2 protein may be involved in 
the pathogenesis of breast neoplasia. Overproduction of otherwise normal o 
erbB-2 protein pan transform a cell Kne into a malignant phenotype. 9 Also, * 
when the neu tffcebgene cbntainln^aii activating point mutation is placed in 
transgenic mice with a strong promoter for increased expression, the mice 
develop multiple independent mammary adenocarcinomas. 18 - 69 In other experi- 
ments, monoclonal antibodies against die neu protein inhibit the growth (in 
nude mice) of a nw- transformed cell line,*-* 8 and immunization of mice with 
neu protein protects them from subsequent tumor challenge with the neu- . 
transformed cell line." Some authors have speculated that the use of antago- 
nists for the unknown Ugand could bo useful in future chemotherapy. 0 Further 
review of this experimental evidence is beyond the scope of this article. 

The c-erfeB-2 activation most likely occurs at an early stage of neoplastic 
development. This hypothesis is supported by the presence of oerbB-2 activa- 
tion in both in situ and invasive breast carcinomas. In addition, studies of 
metastatic breast carcinomas usually demonstrate uniform c~er£B-2 activation 
at multiple sites in the same patient, ii»WMtfi although <serbB-2 activation has 
rarely been detected in metastatic lesions but not in the primary tumor; w ^ IOT 
Even more rarely, c-eriB-2 DNA amplification has been detected in a primary 
breast carcinoma but not in its lymph node metastasis. 8 In patients who have 
bilateral breast neoplasms, both lesions have similar patterns of c-erfcB-2 activa- 
tion^ but only a few such cases have been studied. 11 > 

MECHANISMS OF cerftB-2 ACTIVATION 

The most common mechanism of c-erbB-2 activation is genomic DNA amplifica- 
tion, which almost always results in overproduction of c-erfcB-2 mRNA and 
protein, ir » a4 » 65 » w The oerbB-2 amplification may stabilize the overproduction of 
mRNA or protein through unknown mechanisms. Human breast carcinomas 
with cs«r&B-2 amplification contain 2 to 40 times more oerbB-2 DNA* 3 and 4 to 
128 times more c-*rkB-2 mBNA 3 * 00 than found in normal tissue. Most human 
breast carcinomas with c-erfeB-2 amplification have 2 to 15 times more c^rfeB-2 
DNA. Humors with greater amplification tend to have greater overproduc- 
tion. 17 * 65 The non-mammary neoplasms that have been studied tend to have 
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similar levels of c-erfcB-2 amplification or overproduction relative to the corre- 
sponding normal tissue. 

Hie second most common mechanism ofoerfcB-2 activation is overproduc- 
tion of c-eriB-2 mRNA and protein without amplification of c-eriB-2 DNA,* 1 
The quantities of mRNA and protein usually are less than those In amplified 
-easewnd^My^p 
tissues. rw» Ihe oerbB-2 protein overproduction without mRNA overproduce 
tion or DNA amplification has been described in a few human breast carcinoma 
cell Unes>* 

Other rare mechanisms of oerfcB-2 activation have been reported. TVanslo- 
cations involving the <>«rfeB-2 gene have been described in afew mammary and 
gastric carcinomas, although some reported cases may represent restriction 
fragment length polymorphisms oar incomplete restriction en2yme digestions 
that mimic translocations.^**^ ta ^ transmem- 

brane portion of neu has been described in .rat neuroblastomas induced by 
ethyhitrosurea; Hie mutated neu protein has increased tyrosine kinase activ- 
ity and aggregates at the cell membrane.*** Although there has been specula- 
tion that some of the amplified wrfcM genes may contain point mutations,* 
none Has been detected in primary human neoplasms.* 1 * 58 ^ 

TECHNIQUES FOR DETECTING oerf>B-2 ACTIVATION 
Detection of c-er6B-2 DNA Amplification 

Amplification of o-erbB-2 DNA is usually detected by DNA dot blot or South- 
ern blot hybridization. In the dot blot method, the extracted DNA is placed 
directly on a nylon membrane and hybridized with a DNA probe. In 

the Southern blot method, the extracted DNA is treated with a restriction 
enzyme, and the fragments are separated by electrophoresis, transferred to a 
nylon membrane, and hybridized with a o-sriB-2 DNA prdbe. In both tech- 
niques, oerbB-2 amplification is quantified by comparing the intensity (mea- 
sured by dejisitometry) of the hybridization bands from the sample with those 
from control tissue. 

Several technical problems may complicate the measurement of c-erfcB-2 
DNA amplification. First, the extracted tumor DNA may be excessively de- 
graded or diluted by DNA from stromal cells,* 1 Second, the c-eriB-2 DNA 
probe must bo carefully chosen and labeled. For example, oligonucleotide o- 
erfcB-2 probes may not be sensitive enough for measuring a low level of o-eriB- 
2 amplification, because diploid copy numbers can be difficult to detect (unpub- 
lished data). Third, the total amounts of DNA in the sample and control tissue 
must be compensated for, often with a probe to an unamplified gene. Many 
studies have used control probes to genes on chromosome 17, the location of o- 
er&B-2, to correct for possible alterations in chromosome number Identical 
results, however, are obtained by using control probes to genes on other chro- 
mosomes, 5 - 65 * 80 with rare exception. 11 Studies using control probes to the beta- 
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globin gene must be inteipreted with caution, because one allele of this gene is 
deleted occasionally ip breast carcinomas. 1 

Amplification of c-eroB-2 DNA was assessed by using the polymerase 
chain reaction (PCB) in one recent study." Oligoprimers for the c*er*B-2 gene 
and a control gene are added to the sample's DNA, and PCR is performed. If 
the sample contains more copies otegrftB=2 DNA than of the control gene, the - 
e-erfcB-2 DNA is replicated preferentially. 

Detection of c-ert>B-2 mRNA Overproduction 

Overproduction of c-eroB-2 mRNA usually is measured by RNA dot blot or 
Northern blot hybridization, Both techniques require extraction of RNA but 
otherwise are analogous to DNA dot blot and Southern blot hybridization. Use 
of PCR for detection of e*r&B-2 mRNA-hasbeen described to two recent 
abstracts, sajss 

Overproduction of c-erfoB-2 mRNA can be measured by In situ hybridiza- 
tion. Sections are mounted on glass slides, treated with protease, hybridized 
with a radiolabeled probe, washed, treated with, nuclease to remove unbound 
probe, and developed for autoradiography. Silver grains are seen only over 
tumor cells that overproduce o-eriB-2 mRNA. Negative control probes are 
used Our experience indicates that these techniques are relatively insensi- 
tive for detecting oerbB-2 mRNA overproduction in routinely processed iter 
sue. Although the sensitivity may be increased by modifications that allow 
simultaneous detection of c-«roB-2 DNA and mRNA, in situ hybridization still 
is cumbersome and expensive (unpublished data). 

All of the above c-erfcB-2 mRNA detection techniques have several prob- 
lems that make them more difficult to perform than techniques for detecting 
DNA amplification. One major problem is the rapid degradation of RNA in 
tissue that is not immediately frozen or fixed. La addition, during die detection 
procedure, RNA can be degraded by RNase; a ubiquitous enzyme, which must 
be eliminated meticulously from laboratory solutions. Third, control probes to 
genes mat are uniformly expressed in the tissue of interest need to be carefully 
selected. "* ? . •'* 

Detection of c-erbB-2 Protein Overproduction 

The most accurate methods for detecting c-«*B-2 protein overproduction are 
the Western blot method and immunoprecipitation. Both techniques can docu- 
ment the binding specificity of various antibodies against c-erbB-2 protein. In 
Western blot studies, protein is extracted from the tissue, separated by electro- 
phoresis (according to size), transferred toa membrane, and detected by using an- 
tibodies to c-er6B-2. In immunoprecipitation studies, antibodies against c-eroB- 
2 are added to a tumor lysate, and the resulting protein-antibody precipitate is 
separated by gel electrophoresis and stained for protein. Both Western blot and 
immunoprecipitation are useful research tools but currently are not practical for~ 
diagnostic pathology. Two recent abstracts have described an enzyme-linked 
immunosorbent assay (ELISA) for detection of c-erhB-2 protein.** 
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Overproduction of o-srfcB-2 protein is most commonly assessed by various 
immunohistochemical techniques. These procedures, often generate conflicting 
results, which are explained at least partially by three factors. First* various 
studies have used different polyclonal and monoclonal antibodies. Because 
some polyclonal antibodies recognize weak bands in addition to the oerbB~Z 
-protein baud cm Western iflot-wi nn m mq ^^ 

studies should be interpreted With caution. 0 * 38 -*.* Even some monoclonal anti- 
bodies immunoprecipitate protein bands in addition to oerbB-2 (pl85).*&>» 
Second, tissue fixation contributes to variability between studies. Fbr example, 
som4 antibodies detect c-erfcB-2 protein only in frozen tissue and do not react 
in fixed tissue. In general, formalin fixation diminishes the sensitivity of 
immunohistochemical methods and decreases the number of reactive cells.* 1 ** 
When BouinVfLuttfye is used, jhere may J>e ^ })^e^perceptage of positive 
cases.* Third, minimal criteria for interpreting immunohistodiemkal staining 
are generally lacking. Although there is general agreement that distinct crisp 
cytoplasmic membrane staining is diagnostic for cn?rbB-2 activation in breast 
carcinoma, the number of positive cells and the staining intensity required to 
diagnose oerbB-2 protein overproduction varies firom study to study and from 
antibody to antibody. Degradation of o-erfcB-2 protein is not a problem because 
it can be detected in intact form more than 24 hours after tumor resection . 
without fixation or freezing. 6 * 

ACTIVATION OF c-ertB-2 IN BREAST LESIONS 
Incidence of oerdB-2 Activation 

Most studies of c-erbB-2 oncogene activation do not specify histological sub- 
types of infiltrating breast carcinoma. Amplification ofc-erfcB-2 DNA was found 
in 19. 1 percent (519 of 2715) of invasive carcinomas in 25 studies (IWble 1), and 
oerfcB-2 mRNA or protein overproduction was detected in 20.9 percent (568 of 
2714) of invasive carcinomas in 20 studies. TWehre studies have documented o- 
y *rbB& mRNA or protein overproduction in 15 percent (88 of 604) of carcinomas 
that lacked c-erbB-2 DNA amplification. 

The incidence of c~erbh-2 activation in infiltrating breast carcinoma varies 
with the histological subtype. Approximately 22 percent (142 of 650) of infiltrat- 
ing ductal carcinomas have oerfcB-2 activation, as expected from the above 
data. Other variants of breast carcinoma with frequent e-erfcB-2 activation are 
inflammatory carcinoma (62 percent, 54 of 87), Paget's disease (82 percent, 9 of 
11), and medullary carcinoma (22 percent, 5 of 23). In contrast, c-erfeB-2 activa- 
tion is infrequent in infiltrating lobular carcinoma (7 percent, 5 of 73) and 
tubular carcinoma (7 percent, 1 of 15). 

The c-erfoB-2 protein overproduction is present in 44 percent (44 of 100) of 
ductal carcinomas in situ and especially comedocarcinoma in situ (68 percent, 
49 of 72). The raicropapillary type of ductal carcinoma in situ also tends to have 
c-erbB-2 activation especially if larger cells are present. The greater fre- 
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quency ofc-eroB-2 protein overreduction in comedooarcinoma in situ, com- 
pared with infiltrating ductal carcinoma, could be explained by the feet that 
many infiltrating ductal carcinomas arise from other types of intraductal carci- 
noma, which show e-erfcB-2 activation infrequently. Others have speculated 
that caidnoma to situ with c-eroB-g activat ion tends to regress or to lose e- 
acBvagon during progression to mvasitm«w»» Infiltrating a nJTnsita" 
components of ductal carcinoma, however, usually are similar with respect to e- 
erfcB-2 activation,"^ although some authors have noted more heterogeneity of 
the immunohistochemical staining pattern in invasive man in in situ card- 
noma.*w» Activation of c-er6B-2 is infrequent in lobular carcinoma in situ. If 
tenons contain more than one histological pattern of carcinoma in situ, the c- 
er*B-2 proteto overproduction tends, to occur in the comedocarctooma in situ 
but may include other areas of carcinoma msitu.«t*» (^eiprodacBon of-c- - 
*r*B-2 protein in ductal carcinoma in situ correlates with larger cell size and a 
periductal lymphoid infiltrate.* 

i ^ Ctiv ^ on °* not been identified in benign breast lesions, 

mcluding fibrocystic disease, fibroadenomas, and radial scars (Iable 2). Strong 
membrane immunohistochemical reactivity for e-eroB-2 has not been described 
in atypical ductal hyperplasia, although weak accentuation of membrane staining 
has been noted infrequently.^^ In normal breast tissue, c-*reB-2 DNA is 
diploid, and c-erbB-2 is expressed at lower levels than in activated tumors.***." 

These preliminary data suggest that c-erbB-2 activation may not be useful 
»r resolving many of die common problems in diagnostic surgical pathology. For 
example, c-eroB-2 activation is infrequent in tubular carcinoma and radial scars. 
In addition, because c-erbB-2 activation is unusual in atypical ductalhyperplasia, 
cribriform carcinoma in situ, and papillary carcinoma in situ, detection of c-er/bB- 
2 activation in these lesions may not be helpful in their differential diagnosis. The 
histological features of comedooarcinoma in situ, which commonly overproduces 
c-ertB-2, are unlikely to be mistaken for those of benign lesions. Activation of 



TABLE 2. c-ertB-a ACTIVATION IN BENIGN HUMAN BREAST L fStONS 
Histological Diagnosis 



c-erbB-2 DNA 
Amplification* 



c-erOB-3 mRNA 
Overproduction 



e-erbB-2 Protein 
Overproduction 



Fibrocystic disease 
Atypical ductal hyperplasia 

Benign ductal hyperplasia 
Sclerosing adenosis 
Fibroadenomas 

. Radial soars 
Blunt duct adenosis 
"Breast maatoela" 



071 o» 



o/ie,»o/6,«> 
o/a « 0/1" 



07B,»0/3» 



0/3» 



0/32* 0/9,» 0/8* 

2(weak)/21,» 

Hcytoplasmtoyia* 

0/12" 

0M» 

0/21 ,» 0/1 0,« 
0/8,»0/3« 

0/l4» 



"Stwwn as number ol eases with ecUvaiiorvnumaer ot eases studied; retefence la given as a superscript 
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c-erbB-2, however, does favor Infiltrating ductal carcinoma over infiltrating 
lobular carcinoma. Further studies of these issues would be useful 

Correlation of c-eroB-2 Activation With Pathologic Prognostic Factors 

Multi ple studies have atte mpted to c orrelate c-erfcB-2 activation with various 
paUwlogtc prognostic factors (Table 3), Activation of c-eroim was correlated 
with lymph node metastasis in 8of 28 series, with higher histological grade in 6 
of 17 series, and with higher stage in 4 of 14 series. Large tumor size was not 
associated with c-«rfrB-2 activation in most studies (11 of 14). Tetraploid DNA 
content and low proliferation, measured by Ki-67, have been suggested as 
prognostic fectors and may correlate withc-eroB-2 activation,** 

Correlation of c-erbB-2 Activation With Clinical-Prognostic Fadars 

Various studies have attempted also to correlate e-er&B-2 activation with clinical 
features that may predict a poor outcome (lable 4). Activation of c-erbK-2 
correlated with absence of estrogen receptors in 10 of 28 series and with ab- 
sence of progesterone receptors in 6 of 18 series, hi most studies, patient age 
did not correlate with c-erfrB-2 activation, and, in the rest of the reports, c- 
erbB-2 activation was associated witheither younger or older ages. 

Correlation of c-erbB-2 Activation With Patient Outcome 

Slamon et al»<K first showed that amplification of the c-erhB-2 oncogene inde- 
pendently predicts decreased survival of patients with breast carcinoma. The 
correlation of c-erbB-2 amplification with poor outcome was nearly as strong as 
the correlation of number of involved lymph nodes with poor outcome. Slamon 
et al also reported that e-eriB-2 amplification is an important prognostic indica- 
tor only in patients with lymph node metastasis. TOn 

A large number of subsequent studies also attempted to correlate c-erhB-2 
activation with prognosis (lable 5). In 12 series, mere was a correlation be- 
tween c-erhB-2 activation and tumor recurrence or decreased survival. In five 
of these series, the predictive value of c-erfcB-2 activation was reported to be 
independent of Other prognostic fectanh-ln contrast, 18 series did not confirm 
the correlation of o-erhB-2 activation with recurrence or survival. Four possible 
explanations for this controversy are discussed below. 

One problem is that c-erfcB-2 amplification correlates with prognosis 
mainly in patients with lymph node metastasis. As summarized in Table 5, most 
studies of patients with axillary lymph node metastasis showed a correlation of 
c-nrbB-2 activation with poor outcome. In contrast, most studies of patients 
without axillary metastasis have not demonstrated a correlation with patient 
outcome. Table 6 summarizes the studies in which all patients (with and with- 
out axillary metastasis) were considered as one group. There is a trend for 
studies with a higher percentage of metastatic cases to show an association 
between c-erhB-2 activation and poor outcome. Thus, most of the current 
evidence suggests that c-erfcB-2 activation has prognostic vahie only in patients 
with metastasis to lymph nodes. 
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WWBBE^TCwSw^ ACTVA10ON m 0UTC0ME " PATOWT * 



Number of Patterns 



TVp*ot 



With 




<aos 
<aos 
<aos 
<aos 
<aos 

<0.05 

<ao5 
<ao5 

<0.Q5 

<OXKS 

<0.05 

<0.05 

0,05-0.15 

0.05-0,15 

0.05-0.15 

>0.15 

>0.15 

>0,15 

>0.15 

>0.15 

>ais 
>ai6 

>0.15 

>ais 
>ais 

>0.15 

>ai5 

>0>15 
>0,15 
>0.15 
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DNA 
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DNA 

Protein- WB 



DNA 

Protein 
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DNA 

DNA 

mRNA 

Protein 
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ProtelrvWB 
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^L^^S,^ 9 8,UdlM T tUmor ™™™» or <toc™as«J survival or both. ComilajJon between > 
°M = multivariate statistical analysis; U - univariate staBsMcal analysis. 
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lymph nods 
metastasis to 
each study 



70- 



60- 



60- 



40* 



71 (DNA)» 



ei(DNA)» 

59(DNA)» 
S8(pRltelh) ,w 



64(DKA)iit 



42(Protefr))» 



64{mftNA)» 
61(DNA)< 



55(DNA)* 
57{DNA)«» 
^(Protein)* 

48(ProleJn)i | 
46{Pro!ein)* 



+ 



P<0X)S 



+ 



c^ C Ti a0on * acttvafion wfth paflem outcome. 

&^Btud/s percentage of breast caitfeion^ 



o.06</><ais 



p>o:i5 



WB8 ™ »*ob* activation, lvalues are Interpreted as m Table a. 



te^wT" P 6I ? ^ varl0U5 ***** °f breast carcinoma are grouped 
c!^ tZ? T'll!^ Beeame *• "t^ture suggeT&at 

SSI!!??!?" i j, ll fT lnent fa l0bufcr thafcLlZ 
^S^L"! and lobdar carcinomas may dilute the prognostic effect ofV 
S^? 8 S Edition, most 4diS do not^iyS 

SStf Jf" 0 ™ "I™-* condWfrequentiy shZt 

notrt K^mm md hM a prognosis Aan usual mammary carci- 
noma, but it Is an uncommon lesion. 

c-erfcB nt, lFi[ 0 ? era I* *• paudty ofstud,es *** attempt to correlate 

meSefff^ ^ J" 0- OUtCOnie to Sobs * S <****>ma without 

m2Sf£ ^°, re 5 !ent . abs ^ reported that in patients without lymph node 
meters who had various risk factors for recurrence (such as large £e 

^r^if T e8tr °i en MrfeB ' 2 expression predicted eS 

^Z£T V"J atlentS ^ ^ Carclnoma te ^e JaD study found 
no association between tumor recurrence and <hw*B-2 activation.* 

corrl.TI?^ ^ to Sf of Aether the prognosis 

J* ^ tB -l DNA ^^n or with mRNA or protent 
overproduction. Most studies that find a correlation between c-er*B-2 acttvn- 
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Hon and poor patient outcome measure oeriB-2 DNA amnluWirm fr*iA « 

wne study found a correlation between increased mRNAs of iw»«il.o „ j 

more prognostic importance than c-eroB-T^ wMch wn f c has 

The gene c-erfcB-1 for the epidermal growth foctor mentor tBfvm <. 

^^^^^^^^^^ 
nnriTir" r ' howwer . °**n more frequently than amplification 

^S^t^^T 8 "^ I-tudieXh^eexan^eS" 

^^oS^wTaT ^ a stron « w elation with 

poor prognostic fartors.?*.* Studies have tended to show no correlation between 

pmto&^S^J^ 1 E ?™ Phosphorylation of S 

t£ o^!l?r a,t J revi ^ describe EGFB * caicinoma.A^ 
tfTr a ^ T C T feA ^ homologous to the thyroid homone receo- 
^.Mdtltey ;areJocated adjacent tt<S*rbB& on ehromosWewSeT^ 
^frequently coamphfled with WB* in brJ^Z . SSSrf 

l^ZtZSL ^^^^^"Amplineation ofc^Snocc^ 
""P^ 0 ^ ^ *ese tumors have a decreased survival that is 

oAaM TOphficatioa seems to * «« important than amplification 3S 
Other genes also have been compared with a ^4^«„„ , . 

and n iTttj T? " RNAS / /M ' P^^rived growth^ToTcnl 1 

but it has not been compared with c-sroB-2 activati™ Some 
studies have suggested a correlation between advanced state or 
breast carcinoma and activation of any one of JSSSZZST"™ 
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ACTIVATION OP c-orOB-2 IN NON-MAMMARY TISSUES 

Incidence of c-eroB-2 Activation In Non-Mammaiy Tissues 

Table 7 summarizes the normal tissues In which o-er&B-2 expression has been 
d etected, usu ally with immujiohUtocheroical methods using polyclonal antt- 



Tissues with 
frefbM 
niRNA 



SMn* 



oiomacnr* 

Jejunum* 

Colon" 

Kidney** 



Liver" 



Lung* 



Fetal brain* 

Thyroid* 
Uterus* 



Placenta* 



TtaaieePrahicrng Tbeuee Lacking 
c-erbMProteUr . c**B4mRNA 



Tleeuee Lacking 
e*rbB-2Prottbt 



EpkJemtfs* 

Bdemal root sheath^ ~ 
Boortna sweat gland» 
Fetal oral mucosa 6 * 
Fetal esophagus® 
Stomach 2 *** 
Fetal Intestfce** 
SmaD Intestinal 

Colon*** 
Fetal kidney** 

Fetal proximal tubule" 
Distal tubule* 
Fetal collecting duel* 
Fetal renal pelvis® 
Fetal ureter« 
Hepatocytes* 
Pancreatic acini 3 * 
Pancreatic ducts^ 
Endocrine ceUe of Islets 

otLangertiansP 
Fetal trachea® 
Fetal bronchioles* ~~ 
Bronchioles* 



Fetal ganglion ceils 62 



Kidneys** 



Ovary 1 * 

Blood vessels 42 



Postnatal oral mucosa 0 
Postnatal esophagus 6 * 



Glomerulus* 

Postnatal Bowman's capsule* 
Postnatal proximal tubule* 

Postnatal collecting duel* 
Postnatal renal pelvis* 
Postnatal fetal ureter* 
Liver** 



Pancreatlo islets* 

Postnatal trachea* 
Postnatal bronchioles* 

Postnatal alveoli** 
Postnatal brain* 
Postnatal ganglion cells* 



Endothelium* 

Adrenocortical cells* 
Postnatal thymus* 
Fibroblasts* 
Smooth muscle cells* 
Cardiac muscle cells* 



•This protein study used Western btoto; the rest used Imrnurohlstochemteal method*. 
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bortes. Only a few studies have been performed, and some of these do not 
d^onst^te convincing ceD membrane reactivity in the publish^ phot 

\ZZ££Z ^v?^^ 1,0 confinned b * fi^tmop^pitaHontr 
ZT£ bbt8> tfo**** has been idenSfie/in nornS 

^Ztlt 6 r^^ 1 R * ni^pancie^gardinrl 
^aprotein in other tones could be due, at least in part, to differ^T 

• **** on o-*rfrB-2 activation in various non-manunary neoplasms 

S^?^ J* only stn aB nSXSt 

S ft fS. USU ? y b ^^W^mical methods using polyckmal an* 



^wi?^^ of^erbB^ has been identified in 32 percent (04 of 20J> of 
^^^5^ tad4 f ^ * OneabstrT^stat^ 

contained si^candy more cserhM pn>tein than ovariTnon- 

caroinomas had oerfrB-2 overproduction without amplification! 
tm^jT^ 0 * ^ ^ **** Identified in 20 percent (40 of 198) of 

gastric adenocarcinomas in seven studies, including 33percent (21 of 64) rf 



TABtEe. c-erbB-2 ACTIVATION IN HUMAN GYNECOLOGIC TUMORS^ 



Tumor Type 



Ovary— carcinoma, not otherwise 



DNA 

Amplification 



c-ert>&-2 
mRNA 
Over* 
production 



c-ertB-2 
Protein 
Over- 
production 



3V120,wi/ii # sr 
C/2»0W« 
0/3W 

<M2* 
0/1 7» 
0/3« 

a/2* 

0fl« 
Q/1 7 * 

0/4," <V1"« 



23/B7 81 



Ovary-serous (papDlaiy) carcinoma 
*Ovary-endometrioW carcinoma- >~ 
Ovary— muclnoua carcinoma 
Ovary— clear celt carcinoma 
Ovary— mixed epithelial carcinoma 
Ovary— endometrioid borderline tumor 
Ovary— mucinous borderline tumor 
Ovary— serous eystadenoma 
Ovary— muclnoua eystadenoma 
Ovary— sclerosing stromal tumor 
Ovary— flbrothecoma 
Uterus— endometrial adenocarcin oma 
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^K^^S^ ^ btypes md 9 ***** ( 4 of 4 ?) of diffuse or signet rine ceU 

^5^2£t?^ Pn>tein * ^ rf ^**» feed in Boning 
^ ^ohistochemlcal reactivity fcr cy er iB-2 

' Le 1 OM ""P*** 5 features and pn^gress^ST 

^ of 63 ciis^ r**ted with antibodies against hi oneSbut 

soxneofihese positive" cases showed only diffuse cytoplasmic staining wtSl 



Stable a o«w* AcfiVATKttf g human o^oDm^^iunpc; 



D-cirftB* 



Tumor Type 



oert>B-2DNA 
Amplication 



production 



Esophagus— squamous eel carcinoma 
^^w^i-a^o^ poorly differentiated 
Stomach— adenocarcinoma 

Stomach— carcinoma, Intestinal or tubular type 
Stomach— oarolnoma, diffuse or signet ring ceil type 
Colorectum— carcinoma 



Colon— villous adenoma 
Coton— tabutovlflous adenoma 
Colon— tubular Adenoma 
Colon— hyperplBStlo polyp 



Hepatocellular carcinoma — ~ > 
Hepatoblastoma 
Cholanglocarcinoma 
Pancreas— adenocarcinoma 
Pancreas— acinar carcinoma 
Pancreas— clear cell carcinoma 
Pancreas— large cell carcinoma 
Pancreas— signet ring carcinoma 
Pancreas— chronic Inflammation 



071 w 

2/24,»* 2/9,^2/8,111 
2/B»Q7li* 

5/1 0<* 

2/49.M 1/45"! 
1/45 f «M/4o> 
0V4O « 0732, wq/3» 
071® 

075* 
0V7» 

0/1» 



071* 



0/1 «i 

4/27»3/10" 

16/54» 
4/45» 

1/22»7/8*» 



ia/i*» 

071« 

12/14?" Ofcw 

46/63» 

2/BO,«i*072« 

071« 

072" 

073* 

Q/1<> 
07i44i P 



^^^^^^.^ a T ftfteaUon «* ^^uctonytotal numberolcase. studied; reference!* 
*» £ superscript AO protein studies used Immur*^ methods. No studies anStorTS^ 

'Tissues feed in Bourn's solution. 

'Only cases with distinct membrane staining are Interpreted as showing chhW* overproduction. 
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TABLE 10. oertoM ACTIVATION IN HUMAN PULMONARY TUMORS* 



Tumor Typo 
Non-small cefl carcinoma 

TTKrtd carcinoma: 
Adenoearehoma 
L^Wceacartrfnoma 
SmalcaO carcinoma 
Oardnold tumor 

"Shownasnunfcaror 



<hh*B-2 DNA 
Amp lification 

wavoftQvof&B 

0/21," 1/13>» W7 t m orrp oqw 

0/1* 



Protein 
Overpr oduction 

1/84» 



3/6* 

4/1 a» 
o/3» 



c-er&B-2 activation In breast neopW« Also, somepancire- 

ta^t ^tT^ ^ ^ cytoplasmic tmoJSZ 
^mfod reactivity for c-«*B-2 protein, in addition to the mm case of pancre- 

^l° C ^° ,na dislinct "» staining.- ^ 

neonSuT W «u««narlze the studies of e*H>B-2 activation in other 

S™ 1 ' »J*M oncogene is not activated in most of these tumor* 
Activation of c-eroB.2 has been detected in 1 percent (4 of 299) of puW^y 
n^-smaJl <»D canrfnomas in nine studies, although one 
found ceriB-2 protein overproduction m 41 percent f7 of 17) RenLZi 

Sc^ 

nriL™tSr Pr ° te i n r 5 d * scribed in one tramiUonal cell carcinoma of the 

3l«S2?rf ^ ^ " ^ousc^cercinomaandba^ 

cell carcinoma of the skin may contain c-er*B-2 protein, but it is not dear 




Tumor Type 

Hematologic malignancies 
Malignant lymphoma 
Acute leukemia 
Acute lymphoblastic leukemia 
Acute myeloblasts leukemia 
Chronic leukemia 
Chronic lymphocytic leukemia 
Chronlo myelogenous leukemia 
Myeloproliferative disorder 



c*r*B4DNA ** 
Amplification 


Ovor- 
production 






0/9 S7 Q/3107 


0/1* 






0/1 w 




Q/31W 




0/1 8 s7 




0/8W 




0/8W 









p roductio n 

0/15" 
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0V10,™ om» 



Malignant fibroua histiocytoma ryttar 

UDosansoma Oftiar 

Pleomorphic sarcoma ot\m 

Rhabdomyosarcoma Qftw 

Oeteogento sarcoma * <V2,«*(y2* 

Ctwndrosarcoma <yiw 

Being's sarcoma <yi» 

Schwannoma (VI ^ 



JSupaiscHptNoshjdtetana^ 

Correlation of c-ert>B-2 Activation With Patient Outcome 

very tew studies have attempted to correlate c-er*B-2 activation in «on 
mammary tumors with outcome, Skmoa et al»> showed ifcte-w^am^Sl 
^overexpression in ovarian carcinomas correlates with 
StS^T^**^**""* However, mey did notre^the 
sruuy ot stages III and IV ovarian carcinomas found a correlation betwepn 
JS^Zffi?* overptoduction, 
auction fa 10 of 16 pulmonary adenocarcinomas correlated with decreased 



Tumo r Type 

Kidney— renal cell carcinoma 
Wilms' tumor 

Proslata—aderwcarcinoma 
Urinary bladder— carcin oma 
■Shown as number of 



c*rbB-2 DMA 
Amplification 

0/4*7 



c*erb&* 
mRMA 
Over* 
p roduction 

0/1 &** 



oerbM 
Protein 
Over* 
production 



0/23» 
1/48» 



9hw> as stiDersortnt An™^^®*** 0 " tor wo *"*^)AoW number of 
as superscript. All protein rtudtea used lmmum)htetochern{cal methods. 
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TABLE U cgM* ACTIVATION IN MISCELLANEOUS HUMAN TUMORS* 




0-erfcM 
Protein 
Over- 
production 



SWn, head and nock— squamous 

ceB carcinoma 
Site not stated — squamous ceR 

carcinoma 
Salivary gtan^adonocamlnonui 
Parotid gland— adenoid cystic 

carcinoma 
- Thyn>W— anaptasfi^^ 

Thyroid— Adenocarcinoma 
"Harold— adenoma 
Neuroblastoma 
Meningioma 



QfF 9 * 



VI* 



on* 

0/35," 0/9*0/1* 
<M2» 



3{low teveJs)/5i 
Iflowlevetejrai 



» supsnwtpt AS protein studs* utad ImmiroWsfeK^aJ 
SUMMARY 

niSTlS 1 ^ <H T* B * 2 0ne °8 Bne «a» occur by amplification of ©-eriB-a 

SSL? ff* primariIy J 0 pa0cnts ^ 

wuwy vmpn nodes. Studies that have attempted to correlate c-«rl>iu> 
Hon with other prognostic factors in breast carcinoma iZimZl ^5. 
condusioos The pathologic and clinical *SZe" o? ^Sl^SX 
other neoplasms is unclear and should be aZsed hy 2£SSiSE^ 
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FROM DNA TO RNA 

Transcription and translation are the means by which cells read out, or express, 
the genetic instructions in their genes. Because many identical RNA copies can 
be made from the same gene, and each RNA molecule can direct the synthesis 
of many identical protein molecules, cells can synthesize a large amount of 
protein rapidly when necessary But each gene can also be transcribed and 
translated with a different efficiency, allowing the cell to make vast quantities of 
some proteins and tiny quantities of others (Figure 6-3). Moreover, as we see in 
the next chapter, a cell can change (or regulate) the expression of each of its 
genes according to the needs of the moment— most obviously by controlling 
the production of its RNA. 



Figure 6-3 Genes can be expressed 
with different efficiencies. Gene A is 
transcribed and translated much more 
efficiently than gene B.This allows the 
amount of protein A in the cell to be 
much greater than that of protein B. 



Portions of DNA Sequence Are Transcribed into RNA 

The first step a cell takes in reading out a needed part of its genetic instructions 
is to copy a particular portion of its DNA nucleotide sequence — a gene— into an 
RNA nucleotide sequence. The information in RNA, although copied into another 
chemical form, is still written in essentially the same language as it is in DNA— 
the language of a nucleotide sequence. Hence the name transcription. 

like DNA, RNA is a linear polymer made of four different types of nucleotide 
subunits linked together by phosphodiester bonds (Figure 6-4). It differs from 
DNA chemically in two* respects: (1) the nucleotides in RNA are 
ribonucleotides— that is, they contain the sugar ribose (hence the name ribonu- 
cleic acid) rather than deoxyribose; (2) although* like DNA, RNA contains the 
bases adenine (A)> guanine (G), and cytosine (C), it contains the base uracil (U) 
instead of the thymine (T) in DNA. Since U, like X can base-pair by hydrogen- 
bonding with A (Figure 6-5), the complementary base-pairing properties 
described for DNA in Chapters 4 and 5 apply also to RNA (in RNA, G pairs with 
C, and A pairs with U). It is not uncommon, however, to find other types of base 
pairs in RNA: for example, G pairing with U occasionally. 

Despite these small chemical differences, DNA and RNA differ quite dra- 
matically in overall structure. Whereas DNA always occurs in cells as a double- 
stranded helix, RNA is single-stranded. RNA chains therefore fold up into a 
variety of shapes, just as a polypeptide chain folds up to form the final shape of 
a protein (Figure 6-6) . As we see later in this chapter, the ability to fold into com- 
plex three-dimensional shapes allows some RNA molecules to have structural 
and catalytic functions. 



Transcription Produces RNA Complementary to 
One Strand of DNA 

All of the RNA in a cell is made by DNA transcription, a process that has cer- 
tain similarities to the process of DNA replication discussed in Chapter 5. 
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Figure 6-89 Protein aggregates that cause human disease. (A) Schematic illustration of the type of 
conformational change In a protein that produces material for a cross-beta filament. (B) Diagram illustrating 
the self-infectious nature of the protein aggregation that Is central to prion diseases. PrP is highly unusual 
because the mirfolded version of the protein, called PrP* induces the normal PrP protein it contacts to 
change its conformation, as shown. Most of the human diseases caused by protein aggregation are caused by 
the overproduction of a variant protein that is especially prone to aggregation, but because this structure is 
not Infectious in this way, it cannot spread from one animal to another. (C) Drawing of a cross-beta filament 
a common type of protease-resistant protein aggregate found In a variety of human neurological diseases. 
Because the hydrogen-bond interactions in a P sheet form between polypeptide backbone atoms (see Figure 
3-9), a number of different abnormally folded proteins can produce this structure. (D) One of several 
possible models for the conversion of PrP to PrP*, showing the likely change of two cx-helices into four 
p-sgands. Although the structure of the normal protein has been determined accurately, the structure of the 
infectious form is not yet known with certainty because the aggregation has prevented the use of standard 
structural techniques. (C, courtesy of Louise Serpetl, adapted from M. Sunde et al.,J. MoJ. Biol 273:729-739, 
1 997; D, adapted from S.B. Prusiner, Trends Bfochem. Sri 2 1 :482-487, 1 996.) 

animals and humans. It can be dangerous to eat the tissues of animals that con- 
tain PrP*, as witnessed most recently by the spread of BSE (commonly referred 
to as the "mad cow disease") from cattle to humans in Great Britain. 

Fortunately; in the absence of PrP*, PrP is extaordinarily difficult to convert 
to its abnormal form. Although very few proteins have the potential to misfold 
into an infectious conformation, a similar transformation has been discovered 
to be the cause of an otherwise mysterious "protein-only inheritance" observed 
in yeast cells. 

There Are Many Steps From DNA to Protein 

We have seen so far in this chapter that many different types of chemical reac- 
tions are required to produce a properly folded protein from the information 
contained in a gene (Figure 6-90). The final level of a properly folded protein in 
a cell therefore depends upon the efficiency with which each of the many steps 
is performed 

We discuss in Chapter 7 that cells have the ability to change the levels of 
their proteins according to their needs. In principle, any or all of the steps in Fig- 
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Figure 6-90 The production of a 
protein by a eucaryotic cell* Hie final 
level of each protein in a eucaryotic cell 
depends upon the efficiency of each step 
depicted. 
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ure 6-90) could be regulated by the cell for each individual protein. However, as 
we shall see in Chapter 7, the initiation of transcription is the most common 
point for a cell to regulate the expression of each of its genes. This makes sense, 
inasmuch as the most efficient way to keep a gene from being expressed is to 
block the very first step— the transcription of its DNA sequence into an RNA 
molecule. 



Summary 

The translation of the nucleotide sequence of an mRNA molecule into protein takes 
place in the cytoplasm on a large ribonucleoprotein assembly called a ribosome. The 
amino acids used far protein synthesis are first attached to a family of tRNA 
molecules, each of which recognizes, by complementary base-pair interactions, par- 
ticular sets of three nucleotides in the mRNA (codons). The sequence of nucleotides in 
the mRNA is then read from one end to the other in sets of three according to the 
genetic code* 

7b initiate translation, a small ribosomal subunit binds to the mRNA molecule 
at a start codon (AUG) that is recognized by a unique initiator tRNA molecule. A 
large ribosomal subunit binds to complete the ribosome and begin the elongation 
phase of protein synthesis. During this phase, amlnoacyl tRNAs—each bearing a 
specific amino acid bind sequentially to the appropriate codon in mRNA by farming 
complementary base pairs with the tRNA anticodon. Each amino acid is added to the 
C-terminal end of the growing polypeptide by means of a cycle of three sequential 
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Figure 7-5 Six steps at which 
eucaryotic gene expression can be 
controlled. Controls that operate at 
steps I through 5 are discussed irj .this 
chapter. Step 6, the regulation of protein 
activity, includes reversible activation or 
inactivation by protein phosphorylation' 
(discussed in Chapter 3) as well as 
irreversible inacdvation by proteolytic 
degradation (discussed in Chapter 6). 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protein 

If differences among the various cell types of an organism dep end on the partic- 
ular genes that the cells express, at what level is the control of gene expression 
exercised? As we saw in the last chapter, there are many steps in the pathway 
leading from DNA to protein, and aD of them can in principle be regulated Thus 
a cell can control the proteins it makes by (1) controlling when and how often a 
given gene is transcribed (transcriptional control), (2) controlling how the RNA 
transcript is spliced or otherwise processed (RNA processing control), (3) 
selecting which completed mRNAs in the cell nucleus are exported to the cytosol 
and determining where in the cytosol they are localized (RNA transport and 
localization control), (4) selecting which mRNAs in the cytoplasm are translated 
by ribosomes (translational control), (5) selectively destabilizing certain mRNA 
molecules in die cytoplasm (mRNA degradation control), or (6) selectively acti- 
vating, inactivating, degrading, or compartmentalizing specific protein 
molecules after they have been made (protein activity control) (Figure 7-5). 

For most genes transcriptional controls are paramount. This makes sense 
because, of all the possible control points illustrated in Figure 7-5, only tran- 
scriptional control ensures that the cell will not synthesize superfluous interme- 
diates. In the following sections we discuss the DNA and protein components 
that perform this function by regulating the initiation of gene transcription. We 
shall return at the end of the chapter to the additional ways of regulating gene 
expression. 

* 

Summary 

The genome of a cell contains in its DNA sequence the information to make many 
thousands of different protein and RNA molecules. A cell typically expresses only a 
fraction of its genes, and the different types of cells in multicellular organisms arise 
because different sets of genes are expressed Moreover, cells can change the pattern 
of genes they express in response to changes in their environment, such as signals 
from other cells. Although aU of the steps involved in expressing a gene can in prin- 
ciple be regulated, for most genes the initiation of RNA transcription is the most 
. important point of control 



DNA-BINDING MOTIFS IN GENE REGULATORY 
PROTEINS 

How does a cell determine which of its thousands of genes to transcribe? As 
mentioned briefly in Chapters 4 and 6, the transcription of each gene is con- 
trolled by a regulatory region of DNA relatively near die site where transcription 
begins. Some regulatory regions are simple and act as switches that are thrown 
a single signal. Many others are complex and act as tiny microprocessors, 
•desponding to a variety of signals that they interpret and integrate to switch the 
~ ^ighboring gene on or off. Whether complex or simple, these switching devices 
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occur in the germ line, the cell lineage that gives rise to sperm or eggs. Most of 
the DNA in vertebrate germ cells is inactive and highly methylated. Over long 
periods of evolutionary time, the methylated CG sequences in these inactive . 
regions have presumably been lost through spontaneous deamination events 
that were not property repaired However promoters of genes that remain active 
in the germ cell lineages (including most housekeeping genes) are kept 
unmethyiated, and therefore spontaneous deaminations of Cs that occur with- 
in them can be accurately repaired Such regions are preserved in modem day 
vertebrate cells as CG islands. In addition, any mutation of a CG sequence in the 
genome that destroyed the function or regulation of a gene in die adult would be 
selected against, and some CG islands ace simply the result of a higher than nor- 
mal density of critical CG sequences. 

The mammalian genome contains an estimated 20,000 CG islands. Most of 
the islands mark the 5' ends of transcription units and thus, presumably, of 
genes. The presence of CG islands often provides a convenient way of identify- 
ing genes in the DNA sequences of vertebrate genomes. 

Summary 

The many types of cells in animals and plants are created largely through mecha- 
nisms that cause different genes to be transcribed in different cells. Since many 
specialized animal cells can maintain their unique character through many cell 
division cycles and even when grown in culture, the gene regulatory mechanisms 
involved in creating them must be stable once established and heritable when the 
ceU divides. These features endow the cell with a memory of its developmental history. 
Bacteria and yeasts provide unusuaUy accessible model systems in which to study 
gene regulatory mechanisms. One such mechanism involves a competitive interac- 
tion between two gene regulatory proteins, each of which inhibits the synthesis of the 
other, this can create a flip-flop switch that switches a cell between two alternative 
patterns of gene expression. Direct or indirect positive feedback loops, which enable 
gene regulatory proteins to perpetuate their own synthesis, provide a general mech- 
anism for cell memory. Negative feedback loops with programmed delays form the 
basis far cellular clocks. 

In eucaryotes the transcription of a gene is generally controlled by combina tions 
of gene regulatory proteins. It is thought that each type of cell in a higher eucaryotic 
organism contains a specific combination of gene regulatory proteins that ensures 
the expression of only those genes appropriate to that type of cell A given gene regu- 
latory protein may be active in a variety of circumstances and typically is involved 
in the regulation of many genes. 

In addition to diffusible gene regulatory proteins, inherited states of chromatin 
condensation are also used by eucaryotic cells to regulate gene expression. An espe- 
cially dramatic case is the inactivation of an entire X chromosome in female mam- 
mals. In vertebrates DNA methy lotion a Iso functions in gene regulation, being used 
mainly as a device to reinforce decisions about gene expression that are made ini- 
tially by other mechanisms. DNA methy lation also underlies the phenomenon of 
genomic imprinting in mammals, in which the expression of a gene depends on 
whether it was inherited from the mother or the father. 
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Figure 7-86 A mechanism to explain 
both the marked overall deficiency 
of CG sequences and their clustering 
into CG islands In .vertebrate 
genomes. A black fine marks the location 
of a CG dinucleotfde in the DNA 
sequence, while a red "lollipop" indicates 
the presence of a methyl group on the 
CG dinudeotlde. CG sequences that lie in 
regulatory sequences of genes that are 
transcribed in germ cells are unmethyiated 
and therefore tend to be retained In 
evolution. Methylated CG sequences, on 
the ojher hand, tend to be lost through 
deamination of 5-methyi C toT, unless the 
CG sequence is critical for survival. 



POSTTRANSCRJPTIONAL CONTROLS 

In principle, every step required for the process of gene expression could be 
controlled. Indeed, one can find examples of each type of regulation, although 
any one gene is likely to use only a few of them. Controls on the initiation of 
gene transcription are the predominant form of regulation for most genes. But 
other controls can act later in the pathway horn DNA to protein to modulate 
the amount of gene product that is made. Although these posttranscriptional 
controls, which operate after RNA polymerase has bound to the gene's promoter 
and begun RNA synthesis, are less common than transcriptional control for 
many genes they are crucial. 
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FROM YOUR LABORATORY SERVICES PROVIDER 

HER-2/neu Breast Cancer Predictive Testing 

Mie Sdnford Hanna, Ph,D. and D(m Mornin, / 

Each year, over 182,000 women in the United States are recurrence risk in women younger than 40 years of age for 

diagnosed with breast cancer, and approximately 45,000 die low- versus high-amplified tumors (54.5% compared to 

of the disease. 1 Incidence appears to be increasing in the 85.7%); this is compared to a recurrence rate of 1 6.7% for 

United States at a rate of roughly 2% per year. The reasons patients with no HER-2/neu gene amplification* 4 HER-2/heu 

for tfie increase are unclear, but non-genetic risk factors appear status may he particularly important to establish in women with 

to play a large role.* small (*1 Icrt) tumor size. 

Five-year survival rates range from approximately 65%- The choice of methodology for determination of HER-2/ 

85%, depending on demographic group, with a significant neu status depends in part on the clinical setting. FDA approval 

percentage of women experiencing recurrence of their cancer for the Vysis FISH test was granted based on clinical trials 

within 10 years of diagnosis. One of the factors most predic- involving 1549 node-positive patients. Patients received one 

live for recurrence once a diagnosis of breast cancer has been of three different treatments consisting of different doses of 

made is the number of axillary lymph nodes to which tumor \ cyclophosphamide, Adriamycin, and 5-fluorouracil (CAF). 

has metastasized. Most node-positive women are given adju^ The study showed that patients with amplified HER-2/neu 

vant therapy, which increases their survival. However, 20%- benefited from treatment with higher doses of .adriamycin- 

30% of patients without axillary node involvement also based therapy, while those with normal HER-2/neu levels did 

develop recurrent disease,, and the difficulty lies in how to iden- not The study therefore identified a sub-set of women, who 

tify this high-risk subset of patients, These patients could because they did not benefit from more aggressive treatment, 

benefit from increased surveillance, early intervention, and did not need to be exposed to the associated side effects. In 

treatment addition, other evidence indicates that HER-2/neu amplifica- 

Prognostic markers currently used in breast cancer recur- tion in node-negative patients can be used as an independent 

rence prediction include tumor size, histological grade, steroid prognostic indicator for early recurrence, recurrent disease at 

hormone receptor status, DNAploidy, proliferative index, and any time and disease-related death. 5 Demonstration of HER- 

cathepsin D status. Expression of growth factor receptors and 2/neu gene amplification by FISH has also been shown to be 

over-expression of the HER-2/ueu oncogene have also been of value in predicting response to chemotherapy in stage-2 

identified as having value regarding treatment regimen and breast cancer patients. 

prognosis. Selection of patients for Herceptin°(Trastuzumab)mono- 

FHgRr2/n«u (algo known as c-erbB2) is an oncogene that clonal antibody therapy, however, is based upon demertsjra- 

encodes a transmembrane glycoprotein that is homologous tion of HER-2/neu protein overexpression using HercepTest™. 

to, but distinct from, the epidermal growth factor receptor. Studies using Herceptin 0 in patients with metastatic breast 

Numerous studies have indicated that high levels of expres- cancer show an increase in time to disease progression, 

sion of this protein are associated with rapid tumor growth, increased response rate to chemotherapeutic agents and a small 

certain forms of therapy resistance, and shorter disease-free increase in overall survival rate. The FISH assays have not yet 

survival. The gene has been shown to be amplified and/or been approved for this purpose, and studies looking' at response 

overexpressed in 10%-30% of invasive breast cancers and in to Herceptin 0 in patients with or without gene amplification 

40%-60% of intraductal breast carcinoma. 3 status determined by FISH are in progress. 

There are two distinct FDA-approved methods by which In general, FISH andlHC results correlate well. However, 

HER-2/neu status can be evaluated: immunobistochemistry subsets of tumors are found which show discordant results; 

(IHC, HercepTest™) and FISH (fluorescent in situ hybridiza- i;e., protein overexpression without gene amplification or lack 

tion, PathVysion™ Kit). Both methods can be performed on of protein overexpression with gene amplification. The fcllni- 

archived and current specimens. The first method allows visual cal significance of such results is unclear. Based on the above 

assessment of the amount of HER-2/neu protein present on considerations, HER-2/neu testing at SHMC/PAML will utiV 

the cell membrane. The latter method allows direct quantifi- lize immunobistochemistry (HercepTest 0 ) as a screen, fol- 

cation of the level of gene amplification present in the tumor, lowed by FISH in IHC-negative cases. Alternatively, either 

enabling differentiation between low- versus high-amplifica- method may be ordered individually depending on the clini- 

tidh. At least one study has demonstrated a difference in cal setting or clinician preference. 
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HER-2/neu via IHC «• 
88342 (including interpretive report) 2 

HEK-2/neu via FISH 3 

8827U2 Molecular cytogenetics, DNA probe, each 
88274 Molecular cytogenetics, interphase in situ hybrid- 
ization, analyze 25-99 cells 4 
88291 Ontogenetics and molecular cytogenetics, interpret 

iation an4 report 5 

Procedural Information 

ImnQunohistochemistry is performed using the FDA-approved 
DAKO antibody kit, HerceptesrA The DAKO kit contains 
reagents required to complete a two-step imrmmohisto- 
chemical staining procedure forroutinely processed, paraflRn- 
embedded speciipens. Following incubation wjth the primary 
rabbit antibody to human HER-2/neu protein, the kit employs 
a ready-to-use dextran-based visualization reagent This re- 
agent consists of both secondary goat anti-rabbit antibody 
molecules with horseradish peroxidase molecules linked to a 
common dextran polymer backbone, thus eliminating the need 
for sequential application of link, antibody and peroxidase 
conjugated antibody. Enzymatic conversion ©f the subse- . 
quently added chromogen results in formation of visible 
reaction product at the antigen site. The specimen is then coun- 
terstained; a pathologist using light-microscopy interprets 
results. 

FISH analysis (it SHMC/PAML is performed using the 
FDA-approved Path Vysion™ HER-2/neu DNA probe kit, pro- 
duced by Vysis, Inc. Formalin fixed, paraffin-embedded breast 
tissue is processed using routine histological methods, and then 
slides are treated to allow hybridization of DNA probes to the 
nuclei present in the tissue section. The Pathvysion™ kit con- 
tains two direct-labeled DNA probes, one specific for the 
alphoid repetitive DNA (CEP 1 7, spectrum orange) present at 
the chromosome^^ntmmere and the second for the HER- 
2/neu oncogene located at 1 7ql 1 .2-1 2 (spectrum green). Enu- 
meration of the probes allows a ratio of the number of copies 
of chromosome 17 to the number of copies of HER-2/neu to 
be obtained; this enables quantification of low versus high 
amplification levels, and allows an estimate of the percentage 
of cells with HER-2/neu gene amplification. The clinically 
relevant distinction is whether the gene amplification is due 
to increased gene copy number on the two chromosome 17 
homologues normally present or an increase in the number of 
chromosome 17s in the cells. In the majority of cases, ratio 
equivalents less than 2.0 are indicative of a normal/negative 
result, ratios of 2.1 and over indicate that amplification is 
present and to what degree. Interpretation of this data will be 
performed and reported from the Vysis-certified Cytogenet- 
ics laboratory at SHMC. 
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The ribosomes of the rough ER are held on the membrane in part by 
iP ^wing polypeptide chains, which are threaded across the ER mem- 
rane as they are synthesized (see below). However, when the synthesis of 
polypeptide chains is terminated with a drug like puromycin, these ribosomes 
^till remain tightly bound to the membrane of rough microsomes. Such ri- 
bosomes can be dislodged by suspending the microsomes in a solution of 
high salt concentration, which breaks the interactions between the ribosomes 
and special membrane proteins of the rough microsomes. Futhermore, ribo- 
somes can reassociate with rough microsomal membranes from which ribo- 
somes have been removed. They bind rapidly and with a high affinity to a 
limited number of sites on the membrane, so that the "stripped" membrane 
will regain the same number of ribosomes it had when originally isolated. 

The binding site on the ribosome is located on the large subunit and 
seems to attach to two specific glycoproteins in the rough ER membrane. 
These two proteins, called ribophorins, span the ER membrane, and they are 
found exclusively in the rough regions of ER. It is not clear how the ribo- 
phorins are prevented from diffusing into the membrane of the smooth ER. 
They could be segregated by forming large two-dimensional crystals in the 
bilayer, or they could be tethered in place by fibrous proteins on either side 
of the bilayer (see p. 283). Whatever the mechanism, it probably accounts for 
the flattened appearance of the rough ER in comparison with that of the 
smooth ER. 

Membrane-bound Ribosomes Synthesize Proteins That Pass 
Through the Membrane During Their Translation 17 

Many proteins at some stage must cross the permeability barrier presented 
by a cell membrane. Proteins secreted from the cell (secretory proteins) are 
the most obvious of numerous examples. In this case, the binding of the 
ribosomes to the membrane of the ER helps to solve the problem of getting 
these water-soluble proteins across a hydrophobic membrane: the proteins 
thread their way across the ER membrane as they are synthesized before they 
have had a chance to fold into their final hydrophilic conformations. Once 
inside the lumen of the rough ER, the proteins to be secreted are transported 
through the Golgi apparatus and then to the outside of the cell. Thus, secre- 
tory proteins become permanently segregated from the cytosol as soon as 
they have been synthesized. 

A similar but more subtle problem is presented by membrane proteins 
destined to span the lipid bilayer. Often, large hydrophilic portions of these 
polypeptide chains end up being exposed on the luminal side of intracellular 
membranes or on the topologically equivalent extracellular side of the plasma 
membrane (Figure 7-26). Unlike secreted proteins, membrane proteins are not 
made in large amounts, so their mode of synthesis is more difficult to study. 



I secretory 
' protein 



portion of 

endoplasmic 
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Figure 7-26 Schematic diagram of 
four different proteins, emphasizing 
the portion of each protein that has 
passed through the lipid bilayer of 
the ER during protein synthesis. 
Three different membrane proteins 
and a secretory protein are shown. 
The colored region of each has 
passed through the bilayer. 
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protein of the enveloped vesicular stomal made b ^ cell , 

?ects a cell, only one membrane V^^^^ ™ m synthesized 
instead of the hundreds or ^T^^^X synth^is. It has 
in uninfected cells. This makes * re ^ e f Tjnto ^ferred across 

been shown that most of the G-prote- poh^eptxd^ f^of a sSedp^ein. 
the ER— - - ^SS?£? EH, therein 

However, mstead L £ JJj^JJJ * ^ hydrop hobic segment of the poly- 

pump, is involved in vectorial discharge. 

Direct Evidence Favoring Vectorial Discharge Has Come 
from Experiments in Bacteria 18 

SSSSaaiKgKSSSS 

I left within the ribosome when free ribosomes are subje cted to ^proteo 
^ these observations suggest that only about 20 rescues Pofypep 
tide are within the membrane at any one time during vectorial dischaige. his 
w^WDolvDeptide is sufficient to cross the lipid bilayer ,ust once 
^ AlloSas bL attempted, this type of experiment cannot be done 
. rnnvmcSv with eucaryotic rough microsomes. The main problem is that 
i: Zogf^bac^ardX gi polypeptide is sequester, inside 
^crosome^and there is at present no way of restricting the action of an added 
protease exclusively to the microsome interior. 



growing polypeptide chain 
labeled with radioactive 
NH 2 y/ amino acids 



plasma membrane 




protease-resistant fragment 
(50 amino acids long) 
Figure 7-37 Schematic iUustration 
of vectorial transport in bacteria. After 
the cell walls have been removed (to 
form spheroplasts), the cells are 
briefly exposed to radioactive amino 
acids to label the growing 
polypeptide chains synthesized by 
plasma-membrane-bound ribosomes. 
Part of the growing polypeptide chain 
has been transferred across the 
membrane and can be digested by 
the protease treatment. The drawing 
is not to scale; in reality the diameter 
of the ribosome is only about one- 
fortieth of the diameter of the 
bacterial cell. 
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Ayipmbrane-bound Ribosomes Are Derived from Free 
Somes That Are Directed to the ER Membrane 
by Special Signal Sequences 19 

Although the membrane-bound ribosomes of the rough ER synthesize a se- 
Sed^ass of proteins destined forvectorial discharge, there * no evince 
hnt fhe ribosomes themselves differ from those free in the cytoplasm. In the 
membrane-bound ribosomes are simply ribosomes that are spe- 
cSj^cted to the ER membrane because of the polypeptide chain they 

^^orianfSt into how ribosomes are ducted to the ER came 
^ detailed studies of antibody (immunoglobulin) synthesis. The light and 
tZvcl^s of immunoglobulin constitute the principal secretory products 
5E cells of theLmune system (Chapter 17). When mRNA encoding 

me l^hain of an immunoglobulin is translated in vitro by free nbosomes^ 
T e St chain is synthesized in the form of a precursor containing an extra 
£ amino acid residues not found in the seoreted product. The extra leader 
pep^E is located at the extreme amino tenninus of the precursor — 
Sulin. But chains synthesized in vitro by ribosomes attached to rough ™ 
cresomes lack this exSra amino-tenninal peptide. These discoveries provided 
Snce for an earlier proposal that the leader sequence peptide acts as a 
Sa? to direct the rLsome to the rough regions of the ER membrane 
(pSU 7-28). Some receptor that recognizes proteins containing this s.gna/ 
p^ide must therefore be present exclusively in the rough regions of the ER 

^^viewpoint has been greatly fortified by the subsequent discovery 
that the major secretory proteins of the pancreas, when synthes ized .« vitro 
on free ribosomes, are translated as precursor polypeptides ( P^ecretory 
pnTins) containing a similar amino-terminal leader sequence of 16 i residues 
not found in vivo. Since then, precursor* to dozens of secretory and mtegral 
membrane proteins in procaryotes and eucaryotes have been de j^WLto 
all of these cases, the amino-terminal signal sequence contams large num- 
bed ol "hydrophobic amino acid residues, even though the actual sequences 



ribosome 




removed 
signal peptide 



finished polypeptide chain 
with signal peptide removed 



Figure 7-28 A schematic view of 
the signal peptide hypothesis. For 
simplicity, only a single ribosome, 
rather than a polyribosome, is shown. 
The indicated binding of a cytosolic 
ribosome to the rough ER is now 
thought to require two separate 
interactions: an affinity of the 
ribosome itself for special membrane 
proteins in the ER (presumably the 
ribophorins, see p. 341) and the 
interaction of an amino-terminal 
signal peptide on the growing 
polypeptide chain with a membrane 
receptor protein. However, once 
protein transfer across the membrane 
begins, the growing polypeptide 
chain itself helps to anchor the 
ribosome, replacing the second 
interaction. 
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are quite variable. It has nowbeen shown that these signal sequence^to feet, 
gloved on the luminal side of the rough ER, even before the synthesis of the 
^tide to coveted, by a specific please found onh , to ^ugh rmcro- 
soSs This type of ammo-terminal sequence that is cleaved off after protein 
synthesis has never been found on a protein that remains m the cytos^ 

Ribosomes in the cytosol that begin synthesizing a protem destined for 
the ER musfbe brougrTto the rough ER to begin die 
process But how are these ribosomes specifically recognized by the ER mem 
K^nef Recent evidence has shown that a multisubunit protem present in the 
^lS TuVese ribosomes shortly after they have synthesized the ap- 
pCriate Signal peptide. This protein, called signal recogntoon protem, ^hafts 
Ser oroSn synthesis by the ribosome until it has become bnked to die 
S ER membSne. Presumably, this protein recognizes both the ammo 
r^nuToftiie newly synthesized ptotein and some receptor on the rough 
ST^^t^*^ the ribosome to the ER. Protein synthesis by 
Si dbotm^ th^n resumes^vectorial discharge begins. While the nature o 
Te tepfor in the ER membrane is unknown, the ribophonns are thought 
to be involved in stabilizing the ribosome-ER complex. 

There Is Genetic Evidence for the Signal Hypothesis 20 

Genetic analysis of procaryotes has been used in two different ways to test 
*e act as the proposed signals for die vector^ 

discharge of proteins. (1) Many mutants of an E. coh membrane pnWto* 
bTenSted in which the protein is retained in the cytoplasm rnstead of 
Srserted in the membrane. Most of these mutations have been found o 
S tTe extreme aniino-terminal leader sequence region of the protem. (2 In 
SciSly designed strains of E. coli, the DNA segments coding for polypephde 
Tarns of Sral membrane proteins and of cytosolic proteins have been 
fos^tocreatenew hybrid proteins. When a substantial length of the « 
terminal portion of a membrane protein of E. coli is fused with mos of the 
SS-tenninal portion of a cytosolic protein, the hybrid protein is found 
^me memrane. ?hus, only the ammo-terminal portion seems to be required 

f ° rP ^Tr^ 

important fact about signal sequences: although these sequences are required 
the grovTg polypeptide to the membrane they are , not alway. 
sufficient^ themselves. A hybrid protein containing only a very short length 
of the amino terminus of a membrane protein-mcluding all of its leader 
sequencrwal not inserted into the membrane. Thus, the leader sequence 
m^non^y interact with neighboring regions of the polypeptide , chain to 
Create a unique three-dimensional arrangement of amino acids, and i i is this 
a^emenJ-rather than the leader sequence itself-that is required for spe- 
cific membrane insertion. 

Some Proteins Cross Membranes by a Postradiational 
Import Mechanism Rather Than by Vectorial Discharge 
Some proteins can cross certain membranes long after ^ ^ithesis ^on 
ribosomes. For example, most of the proteins inside mitochondria and cMo- 
ropfests are coded for by nuclear genes (Chapter 9). These proteins are syn- 
thesized and released in the cytosol and then are V^^^P^ 
priate organelle membrane in an energy-requiring process (posttranslational 
Lport) Interestingly, most of these imported proteins also contain amino- 
terS elder s^uences that are removed foUowing transport across the 
mSndrial or chloroplast membranes. These leader sequences have been 
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shown to be required to provide the "signal'* that is recognized to direct the 
protein to the correct site. The membranes of both of these cellular organelles 
must contain a specific receptor for the appropriate ammo-terminal signal. 
These receptors would seem to be functionally linked to an energy-driven 
pump that forces the recognized protein across the membrane, possibly un- 
folding it transiently in the process (Figure 7-29). 

Some membrane proteins may enter and partially cross the ER mem- 
brane by a posttranslational import mechanism. This is probably the case for 
proteins that have a large amount of their mass in the lipid bilayer and only 
small portions exposed on the noncytoplasmic side of the membrane. It is 
easy to imagine how such a hydrophobic membrane protein could simply 
dissolve in the lipid bilayer after being released into the cytosol or even during 
its synthesis. The energy required to transfer a relatively small hydrophilic 
portion of the protein across the lipid bilayer could come from the gain in 
free energy associated with the transfer of the hydrophobic portion from an 
aqueous environment to the hydrophobic interior of the bilayer. Some of the 
proteins located in the outer membrane of mitochondria appear to enter their 
membrane in this way following their synthesis on ribosomes in the cytosol 
(see p. 539). 

Even if we consider only the few examples just discussed, it is obvious 
that many different types of signal sequences- must exist on proteins. Some 
signals will direct a protein to the ER, others to a mitochondrion, and yet 
others to a chloroplast (in a plant cell). The recognition systems involved must 
have a high degree of selectivity, since proteins seem to be directed quite 
reliably to their correct intracellular address. 

Most Proteins Synthesized in the Rough ER Are Glycosylated 22 

Glycosylation is one of the major biosynthetic functions of the ER. It is a 
striking fact that most proteins sequestered in the lumen of the ER before 
being secreted from the cell or transported to other intracellular destinations 
(such as the Golgi apparatus, lysosomes, or plasma membrane) are glycopro- 
teins (Figure 7-30). In contrast, the soluble proteins of the cytosol are not 
glycosylated. 

An important advance in understanding the process of glycosylation was 
the discovery that mainly one species of oligosaccharide (composed of N- 
acetylglucosamine, mannose, and glucose) is transferred to proteins in the 
ER, and that this oligosaccharide is always linked to the NH 2 group on the 
side chain of ah asparagine residue of the protein (Figure 7-31). All of 
the diversity of the asparagine-linked oligosaccharide structures on mature 
glycoproteins results from extensive modifications of this single precursor 
structure, most of which occur during subsequent transit through the Golgi 
apparatus (p. 357). The asparagine-linked oligosaccharides (AMinked oligo- 
saccharides) are by far the most common ones found in glycoproteins. Often, 
but less frequently, oligosaccharides are linked to the OH group on the side 



Figure 7-29 Schematic view of an 
energy-driven protein pump. After a 
receptor recognizes some special 
feature of an ammo-terminal peptide, 
the pump is activated to force the 
entire protein through the membrane. 
A mechanism of this type is 
apparently needed to account for the 
observed transfer of already 
synthesized proteins from the cytosol 
into mitochondria and chloroplasts. 
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